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V.  SIGNIFICANT  PHYSICAL  AND  CHEMICAL  PROPERTIES 


EXPERIMENTAL  BENZENE  INTOXICATION 


I.  INTRODUCTION 


Occupational  diseases  have  been  with  us  for  several  centuries,  but 
the  problem  of  industrial  toxicity  has  increased  markedly  since  the 
industrial  revolution  and  recently,  in  the  postwar  era,  especially  in  the 
plastics  industry,  where  large  quantities  of  benzene  were  being  used  as 
starting  material  for  chemical  synthesis. 

The  American  Conference  of  Governmental  Industrial  Hygienists  has 
recommended  that  workers  not  be  exposed  to  atmospheric  levels  of  benzene 
exceeding  25  ppm,  while  NIOSH  suggests  that  exposure  should  not  exceed  10 
ppm  as  a time-weighted  average  of  a 10-hour  day  or  40-hour  work  week, 
with  no  exposure  exceeding  25  ppm. 

The  incidence  of  acute  toxicity  is  low  but  can  under  conditions  of 
stress  be  fatal.  The  most  important  effect  of  chronic  exposure  to 
benzene  is  depression  of  bone  marrow.  Both  acute  and  chronic  benzene 
exposure  result  in  changes  in  the  blood,  central  nervous  system  (CNS), 
vascular  function,  and  liver,  kidney  and  lung  functions.  Additionally, 
there  is  evidence  to  show  that  benzene  causes  birth  defects  and  loss  in 
body  weight  in  experimental  animals. 

The  symptoms  of  acute  and  chronic  benzene  toxicity  are  different. 
While  benzene  itself  appears  to  cause  acute  toxicity,  its  metabolites 
appear  to  play  an  essential  role  in  chronic  toxicity. 

Experimental  evidence  in  animals  suggests  that,  barring  cases  of 
hypersensitivity,  there  is  in  all  likelihood  a relationship  between  age, 
sex,  route  of  administration,  dose,  duration  of  exposure,  and  the  degree 
of  severity  of  the  toxic  effects  of  benzene  in  various  species.  Thus, 
each  of  the  above  parameters  becomes  important  in  the  ini  vitro  testing 
system  (1). 
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ohocki'd  by  roading  tho  portinont  litorature  citation.  In  addition,  a low 
portinont  citations  that  wore  idontitiod  tlnougli  a Tracer  Jitco 
litoratnro  search  arc  inclndod.  T'ho  inlorination  contained  in  the  backup 
document  is  suiwiarized  in  the  appended  matrix.  The  term  "none  reported", 
which  appears  in  the  matrix,  means  that  no  literature  relerence  related 
to  that  particular  item  was  identilied. 

11.  ACUTE  TUX  I CITY  1 including  J_n  vitro  observations) 

I . Henia  t o 1 og  i c E 1 1 e c t s 

Leucopen ia . Single  sc  injections  of  benzene  11  ml/kg)  into  rabbits 
produced  a rapid  fall  in  the  number  of  leucocytes  in  the  peripheral  blood 
within  24  hours  of  treatment  (2).  Female  rabbits  were  found  to  be  more 
sensitive  than  males  to  the  leucopenic  effect  of  benzene  iJ). 

Hemp  lysis.  Exposure  to  high  concentrations  110,000  ppm)  of  benzene 
resulted  in  high  blood  levels  of  the  toxin  in  rabbits  t20-i0  mg/  100  mil, 
and  this  produced  a decrease  in  red  blood  cells  IKliC)  and  an  increase  in 
the  RBC  resistance  to  saponin  and  hemolysis  Is). 


2 . Bone  Marrow  Changes 

Ery  thropoies  is . In  an  attempt  to  detect  early  eftects  of  benzeiit'  on 

RBC  production,  Lee  et  al.  13,  o)  used  the  incorporation  ol  Fe  into 

the  hemoglobin  of  maturing  red  cells  as  a measure  of  KBC  synthesis  in  the 

mouse.  They  found  that  single  sc  doses  of  benzene  1440-2200  mg/kg) 

59  . . . 

reduced  Fe  incorporation  into  erythrocytes  at  a time  when  leucocyte 
production  was  not  affected.  Using  this  technique,  it  was  possible  to 
show,  in  agreement  with  Steinberg  17)  and  Noeschlin  and  Speck  18)  who 
used  the  radioautographic  method,  that  the  early  stage  of  red  cell 
maturation,  involving  pronormoblast  and  normoblasts,  was  more  sensitive 
to  benzene  toxicity,  than  were  the  stem  cells,  Icolony-forming  cells, 
CFC),  reticulocytes,  or  the  process  of  hemoglobin  svnthesis. 


However,  Uyeki  et  al.  (9)  have  recently  shown  that  mice  exposed  to 
benzene  vapors  (4680  ppm  for  8 hours)  show  a significant  depletion  of  tlie 
CFG  of  the  bone  marrow  24  hours  following  exposure,  indicating  that  the 
precursor  cells  of  the  hemic  cell  renewal  system  are  sensitive  to  benzene 
inhalation  in  mice. 

3.  Immunologic  Response  - None  reported. 

4.  Central  Nervous  System  (CNS)  Effects 

The  narcotic  threshold  concentration  for  laboratory  animals  is  about 
4000  ppm.  Concentrations  above  10,000  ppm  result  in  death  within  a short 
time.  For  example,  rabbits  exposed  to  35,000-45,000  ppm  of  benzene 
developed  light  anesthetic  reactions  at  3.7  minutes  (min)  followed  by 
excitation  and  tremors  (5.0  min),  loss  of  papillary  reflex  to  light  (6.5 
min),  loss  of  blinking  reflex  to  tactual  stimuli  (11.4  min),  papillary 
contraction  (12  min),  involuntary  blinking  (15.6  min),  and  death  (38.2 
min)  (10).  Low  doses  (0.1  mg)  given  iv  resulted  in  excitation,  severe 
hemolysis,  and  death  (11). 

Gerarde  (2)  noted  that  effects  such  a breath lessness , nervous 
irritability,  and  unsteady  gait  may  persist  for  a period  of  2-3  weeks. 

Orally,  benzene  was  more  toxic  to  14-day-old  rats  and  young  adults 
than  to  older  males.  The  oral  LD^q's  for  the  newborn,  young,  and  adult 
male  rats  were  1.0,  3.8,  and  5.6  mg/kg,  respectively  (12).  Higher  doses 
resulted  in  paralysis  (hind  limb),  petechial  bleeding  (urinary  tract, 
eyes,  nose),  and  mild,  acute  gastritis  accompanied  by  stripping  of 
epithelial  cells  of  the  stomach  lining  (2,  13). 

5.  Behavioral  Effects  - See  CNS  Effects. 
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Ill  all  tlio  >’Hi’.viiu'S , oxi.'i'|’t  tlu’  aoiii  pliospliat  asi’ , was  Ji'c  ti'asi'il  ai  1 liiniis 

aiul  i IK' rcasi'il  at  12  lioiirs  post  I'xposiiro.  I'lio  aoiil  pliosplial  as«'  activitv 

vi  i il  not  liiK'foaso  until  12  lionrs  attof  oxpos  nri’  (17).  riio  authors 

v'ons  i dt'roil  that  hi'iizono  initially  activalos  t ho  piiioossos  iil 

int  raoo  1 1 n I ar  rospiration  and  ao  t i vo  tr.-insport  and  tiion  doprossos  I hoiii. 

A snhsidoiK'i'  ol  tho  poisoninj;  symptoms  was  ohsorvod  in  t ho  final  phaso  .<1 
t ho  I'xpi’r  imont  . 

Tho  ahovo  onzymatio  stndii's  di'inonstrato  Ihi*  oonnootion  hotwoi-n  onzvmo 
aotivilv  and  honzi'iio  toxicity.  A low  »>nzymi's,  such  .is  tho 
dohydrogonaso  s , havo  boon  lonnd  to  ho  diroctly  rosponsihlo  tor  hon.-.oiu' 
motabolism,  hut  tho  tnnctions  iif  most  I'l  tho  othois  roma  i n to  ho 
i-  1 no  id;i  t od  . 

8.  K.floct  on  body  Woi^htj  Orjyans  and  Tissnos 


body  Woijyht.  No  .idvorso  »' 1 1 oc  t s roportovl. 

Skin.  Tho  dt'lattinp,  o I t I'C  t ot  honzi'iio  is  well  kiu'wn.  Wi  t hoy  and 
Hall  (1  ))  .and  th’r.ardo  (2)  slmwod  Ih.at  diroit  oont.aol  with  hi);h 
concont  r.it  i ons  ol  honzono  lo.ids  I homvirrhap.o  .and  dost  rnc  t i I'li  ol  1 lu'  skin. 


K.atty  I'issnos.  Wilhov  .and  ll.a  1 I (1'^  nolod  dostriiction  ol  t lu'  soil 
tissnos  ot  tin'  intornal  or>;,ans  in  r.als,  wli  ich  rosnlti'il  t rom  lipid 
solnhilitv  ol  honzono. 

Sjilooiij  riiynnis  .and  l.ymph  Noilos.  bon.u'iio  pii'dncoil  a mai  kt'd 
ro  t i on  1 oondot  ho  1 i .a  1 rospons.'  in  tho  Ivmph  innh',  sploon,  I hymns  and  hono 
m.arrow  t rats  (18).  Siny.lo  sc  inioctiinis  >>1  l).-«  ml  , kp,  ii'snltod  in 
ilocro.asod  Ihromhocylo  li'imation  1121)  In’nrs),  incro.asod  nnmhor  >>  I 
line  ropli.apos  in  tho  Ivmpli  innio  .ind  Ihyimis  ( I <>  Innirs),  .ami  iii.ii  ko«l 
pi'll  I i I I'l.at  i on  ot  ro  t i on  1 oondot  ho  1 i ,i  1 colls  in  tho  sploon.  accomiiaiuod  by 
■ah or r.inl  mot  pho  I oj;v  . 
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Otl\iM  lU'^.'Uis.  liinl)  ilosi's  ol  luMizoiu'  Ihmiiom  hiij'.c  i ii  llu* 

I'l.iin,  |ili'iir;u',  I'lM' i iuni,  iiriiiai'v  lijut.  ;iiul  ’.luicmis  nu'ml' i .iix's  nl  i.ils 

(2). 
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Nviclfar  Al>f  i i a t i I'ns  . KouilaiH' 1 1 i <M  al.  U ol'si'i  vi'il  j’.ianl 
luu'li'i  aim'll);  I'l  y t liiv’ i vl  profiiisor  cf  1 1 s al  luimaiis  aiul  lu’wt  s I'xpi'Sfil  in 
V i t ra  la  1 I'l  m i a la.nram/ m 1 at  I'ani’.ana.  Ol'sai  vat  i ans  aviT  savaral  liaiits 
sliawt'ii  that  mitatia  ah  narma  1 i t ias  waii'  tlu'  ii'snlt  al  iiiu'i|iia  I niia  laai 
ilivisian,  pa  1 vnna  1 1'a  t ail  aalls,  ami  atvpiaal  iniaU'i.  liiMi;;aiu’  i luhia  t i an  al 
);iant  nnali'i  ix-anrravl  thran);h  pa  1 v)' 1 a i ilv  , as  si'an  in  pra|'aiat  i ans  tram 
axpasavl  humans 


iMuamasamal  Ahi’iral  iaiis . An  inaraasi'h  inaihanaa  at  aliii'iiiat  i li  hti'al^s 
ami  (taps  was  ahsarvisl  in  aiiltnrinl  human  lamaayta  aiul  llal.a  aalls  at  1.1 
ar  ’J . X U)  St  han/.i'na  attar  hriat  axpasnri's  1 1'  hanzaiu'  t.’h,  . 

Anat  har  st  lulv  in  whiah  t ha  paripliaral  h 1 1'a^l  Ivmi'haaylas  wara  st  imnlatail 
hy  phv  t I’hama)’,);  1 n t i n i n tl’llA)  I'xj'asail  ta  hi-nzana  tar  hanrs  rasnltail  in 
hath  nnmariaal  anil  strnatnral  altaratians  in  ahramasamas  t.’h).  In  this 
st  luly  , anaiiplaiilv  was  savi'ii  timas  mara  traiinant  in  traatail  anltnras,  aiul 
ah  ri'iiii'sama  1 hraaks  wi'ia  saan  in  11'^.  at  t ha  traatail  aalls  as  aampai  ail  with 
1 ^ at  t ha  aant  ra  1 s . 


In  ana  athar  st  inly  in  whiah  rats  wara  inii’alail  sa  t iiilkp,!  with 
han/.ana.  ahramatiil  hraaks  ami  p.aps  wara  ahsarvail  al  IJ  ami  J-i  hams  in 
aalls  at  tha  haiU'  man  aw  i-’h). 

Sinaa  ahramat  i il  p.aps  ai  a il  i 1 t i an  1 1 la  intarprat  haaaiisa  thaii  ratas 
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bi'uzt'iio-trealt'd  animals  in  tliis  j;ronp  slioweil  a groati'r  nnmlu'r  ol  breaks 
than  j;aps  as  aberrations.  Kxeban>;e  ligurt's,  i.c.,  rinj;  torms, 
t fans  1 ix-at  i ons , ami  dieentrics,  wbieb  result  Iroin  abnormal  repair  alter 
breakage,  were  rarely  se»'n. 

10.  'I’be  Molecular  ^itt^^  ot  Benzeiu'  'I'ox  i c i t y 

DNA  Synthesis.  Moesehlin  and  S[>eek  18)  injt'cted  rabbits  with  singh' 
ilosi's  (2  mg/kg)  ot  pure  benzi-ne  and  tonnd  tliat  ONA-synthes  i s in  bone 
marrow  cells  is  severely  inhibited  at  this  dose. 

14  ... 

Si>iiie  investigators  have  used  incorporation  ol  C-lhymidine  into 
the  nucleus  .is  a measure  ol  DNA  synthesis.  by  this  technique  a decreast' 
in  1)N/V  synthesis  was  deiikuis  t rateil  in  hum.in  lymphocytes  and  lleha  cells 
t2t),  27)  in  culture,  tollowing  brief  exposuri's  ti)  small  dos<“s  (1.1  or  2.2 
X 10  M)  ot  benzene.  Inhibition  ol  DNA  synthesis  means  that  benzene  is 
acting  as  a "mitotic  poison". 

RNA  and  1’ r o tein  Synthesis 

1*0  lyr  ibosomes  . In  v i vo  and  ^ji  v i t I'vi  studies  on  rat  liver 
po  ly  r ibosonies  and  soluble  KNA  synthesis  showed  that  single  doses  iil 
benzene  CO.42-b.b3  iiiM)  given  ip  produced  (31,  32): 

a.  Inhibitiiin  of  ^ vitro  protein  synthesis  in  the  polyribosomes  ' 

b.  Disaggregation  of  liver  polyribosomes  with  ribosoinal  monoiiu'r  and 
dimers  and  appearance  of  an  intermediate  peak  not  found  in 
contro Is 

c.  Inhibition  of  incorporation  of  labeled  RNA  precursor  into 
polyribosomes  but  not  into  total  hepatic  RNA 

d.  An  increase  in  soluble  (4S)  RNA  (31,  32). 

'I'hese  observations  were  interpreted  to  mean  that  the  primary  toxic 
action  of  benzene  is  at  translation  and  that  the  detect  specifically  is 
at  the  level  of  the  ribosome  associated  within  RNA,  namely  the  inhibition 
ot  initiation  of  synthesis. 

I 


8 


Otlior  sliulios  th.'U  siippoi  t the  abovo  ohsi' r va t i on  arc  those  ol  l.oo  o! 
al.  ( “> ) , wtio  tonnil  dooroasoil  Fo  incorporation  into  huuiho  I’ono  iiuiiiow 
attor  hi-nziMU’  injection  Csc),  snp.j’o’St  i n>;  lliat  henzoiu-  a t t oc  t s Iumuo 
syntlit'sis,  wli  ich  is  noct'ssary  tor  tlio  iiiit  iatii>n  ol  syntliosis  ol  most,  it 
not  all,  proteins.  llemin  (. ‘>0  niM)  was  tonml  to  prevent  benzene- i ininceh 
heme  inhibition  in  rabbit  aiui  human  re  t i cn  Uk'v  1 1- s (H),  anh  benzeni' 
etlects  wt're  tonml  ti>  be  associateil  with  revt'rsil>le  c iinvi' r s i im  I't 
polyribosomes  ot  smaller  ay,  j;ri'na  t e s , preiiominant  Iv  monoribosomes. 


Heme  Synthesis.  Krei’iiman  et  al.  i Ih ) stmlieH  the  i ncorpor.it  i vin  ot 
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1.-2-  C ylycine  ami  1,-  C leucine  into  rabbit  ri- 1 i cn  1 ocy  1 1' s snspi'Hiieii 

I 

in  meiiia  containing  benzene  It).  Il  l M).  They  tonml  a btl’i,  inhibit  ii>n  in 
incorporation  ot  botli  precnrsiirs.  When  aminolevulinic  acivl  tAl.A) 

was  used,  no  inhibition  was  observed.  Sinci'  A1.A  measures  henu'  svnthesis 
beyond  Al.A  synthetase,  the  anthi>rs  conchuh'd  that  ben.-.ene  inhibits  tn-me 
synthesis  at  or  bet  ore  this  enzym.it  ii  step. 


ALA-Syn  t he  t ase  . AI.A-synf  het  a se  plays  a key  vele  in  erv  t h ro|)o  i <'s  i s . 
Levere  and  Gidari  t .1') ) snimi.ir  i z eil  tin'  il.ila  showiny,  that  I'lv  t h la'p,' i e t i n 
and  b b-11  steiviids  stimulate  ery  t h ropii  i I's  i s , henu-  and  ylobin  synthesis  in 
bone  marrow  cells  by  indneiny  A1.A  synt  betas,'.  Keci'iit  ly  ill.iss  et  al. 

(Jo),  nsiny,  mnrine  bone  marrow  erythriiid  precursors,  showed  that 
erythropoietin  stimulates  A1j\  svnthetase  ami  heme  svnthesis  be  t ore  it 
stimulates  ylobin  synthesis.  It  was  .also  shown  that  henu-  synthesis  was 
maximal  in  the  earliest  precursor  cells  ami  decre.asi'd  with  cell  m.atnritv, 
while  ylobin  synthesis  increasi'd  with  ci' 1 1 matnritv. 

It  is  postulated  that  benzene,  by  actiny  on  or  belore  AlA  synthetasi', 
prevents  initiation  ot  heme  syntiu'sis  and  ilepri'ssion  ol  heme -con  I im  1 1 ed 
repressor  tllGK),  which  in  turn  .are  necessary  tor  ylobin  svnthesis  ami 
ery thropoiesi s . 


Aplastic  Anemia  and  Homo  Synthesis.  It  is  bolioved  tliat  very  early 
iitliibition  ot  bone  marrow  precursors  leads  to  the  development  ol  aplastic 
anemia.  Since  A1J\  synthetase  is  the  rate  limiting  enzyme,  it  along  with 
other  enzymes  in  the  pathway  will  have  to  be  inhibited.  Robinson  and 
Climenko  (37)  exposed  rabbits  to  a nont'atal  dose  of  benzene  and  recorded 
a concentration  of  benzene  in  the  RBC  of  up  to  25-30  mg/ 100  ml  of  blood. 
On  the  basis  of  a 20-fold  increase  in  concentration,  a value  of  500-t)00 
mg/lOO  I would  be  expected  for  the  marrow.  In  the  ^ vitro  reticulocyte 
studies  (33,  34),  concentrations  of  438  mg/100  ml  were  used. 

Conceivably,  these  studies  reflected  what  occurs  in  vivo  in  humans. 


I'he  studies  described  above  relate  to  acute  benzene  exposure,  and 
most  cases  of  aplastic  anemia  are  caused  by  prolonged  exposure. 
Furthermore  these  studies  do  not  take  into  account  the  possible  effects 
of  environmental  pollutants  such  as  alcohol  and  lead,  which  inhibit  henn- 
and  protein  synthesis  in  reticulocytes  (38-42)  and  cause  a sideroblastic 
anemia  in  humans  (43,  44).  In  cultures  of  rabbit  leucocytes,  lead  also 
produces  polyribosomal  disaggregation,  wliich  is  reversed  or  [)revent<’<i  by 
hemin  (39)  and  formation  ot  HCR,  which  in  turn  block  initiation  of 
protein  synthesis  (45). 


Heme  Synthesis  .and  Cyclic  AMP.  In  intact  reticulocytes  ^_n  vitro. 


epinephrine  (10  ^M) , teophylline  (10  "*M)  and  dibutyryl  cyclic-TOH’ 


(10  M)  all  elevate  cyclic-AMP  concentrations  within  one  minute  of 
incubation.  These  results  suggest  that  reticulocytes  contain  adeny 1 
cyclase  and  phosphodiesterase  systems  (3b).  Benzene  itself  does  not 
change  the  cyclic  AMP  levels  in  the  cells,  but  when  it  is  administered 
along  with  either  of  the  above  compounds,  it  stimulates  cyclic  AMP  and 
prevents  heme  and  protein  inhibition. 


This  means  that  in  intact  reticulocytes,  cyclic-AMP  elevates  benzeni' 


inhibition  ot  heme  svnthesis  which  then  allows  inactivation  of 


heme-controlled  repressor,  thus  permitting  normal  protein  synthesis. 


I 
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Kiirthor  investigation  into  tlie  re  lat  i onsli  ips  ot  heme  syntliesis, 
eye  1 ic-i\>U’,  and  pyridoxine  metabolism  might  prove  to  be  oi  therapeutic 
value  in  the  treatment  of  benzene  hematotoxie ity . 

It  must  be  emphasized  that  the  above  ^ vitro  findings  in  animal 
cells  cannot  be  directly  extr.ipolated  to  ix'cupat  iona  1 exposure 
situations.  However,  it  should  be  noted  that  the  rabbit  reticulocyte, 
which  is  extensively  used  as  a model  of  henwglobin  synthesis,  has  proven 
extremely  usetul  in  the  i den t i f i ca t i on  ot  agents  toxic  to  humans  (3o). 

I 1 . Embryonic  and  I'eratogenic  Effects 

Watanabe  et  al.  (47)  injected  pregnant  mice  sc  with  single  doses  of 
benzene  (3  mg/kg)  on  days  11-15  of  gestation.  The  fetuses,  delivered  by 
cesarian  section  iin  day  19  ot  gestation,  showed  anomalies  of  the  palate 
and  jaw.  Increased  maternal  body  weight  and  decreased  maternal  WbC  count 
were  noted  in  dams  with  and  without  malformed  fetuses. 

12.  Metabolism  in  Animals 


In  vivo  Metabolism.  Few  investigations  on  benzene  toxicity  involve 
the  use  of  species  other  than  the  rabbit,  rat,  mouse  aiui  dog.  Regardless 
ot  the  route  of  administration,  benzene  is  eliminated  both  in  the  expired 
a i r and  i n t lu'  u r i ne . 

William  and  his  co-workers  found  that  21%  of  a dose  of  benzene  given 
po  to  rabbits  was  excreted  mainly  as  phenols  (phenol,  catechol,  <iuinol, 
and  hy  droxyqu  ino  I ) and  a small  amciunt  as  trans-trans-mucon  ic  acid 
(nonaromatic  material)  (48).  The  excreted  phenols  were  conjugated  either 
as  glucuronides  or  as  ethereal  sulfates  (49).  Over  95%  of  the  phenol  and 
bt)%  of  the  hydroxyqu  i no  1 , catechol,  and  quinol  were  eliminated  iluring  the 
first  two  days.  The  elimination  of  hydroxyqu  ino 1 was  maximal  on  the 
third  day,  which  suggested  that  d i hydroxypheno  Is  were  subsequent 
oxidation  products  of  phenols  and  that  the  t r ihydroxypheno 1 was  an  even 
later  oxidation  product  (49), 
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Molo  iUi-iuati'  aiu!  iniaut  i t a t i vr  .1<' t <•  i i\i  uia  t ions  woro  I'oitonutnl  wtioii 
rail  1 oao  t i VO  lal'oloJ  I’t'ii/.  oiio  I'ooamo  availat'lo.  I’arko  aiul  Williams  ^ 'uH 
a^liiu  n is  t o i Oil  il-lu'n.' oiio  mj’,  jn'l  to  lal't’its  aiiil  i»’oovoioil 

ol  till'  iloso  as  rail  i oao  t i V i t V in  oxpiioil  air,  iirino,  tooi-s,  anil 
I’Oilv  tissnos.  In  tlio  oxi'iroil  ait  , -t  i '1  was  rooovoroii  as  nnr lianp.O'l  I’oii/ono 
aiiil  l.'^'l  as  ' \'t' , , with  o 1 i m i na  t i on  hor.  i nn  i nr,  l.’-li>  hours  attor 
ailiiii  n 1 s t ra  t i on  aiul  oontinuini;  tor  sovoral  ilavs.  I'ho  urino  rontainoil 
ot  tho  rail  loar  t i V i t V , with  phonol  aoooiint  i iij’,  tor  Ji.'ii.  aiul  tho 
romaiiiilor  o ons  i s t i nr,  ot  hvilronii  i nono  V-t.S't),  ratoohol 
hvilrowhvilroiiii  1 nono  tt).  I i ans  - 1 rans -iiuioon  i o ariil  tl.  ''i-\  aiul 

phonv  liiioiiapt  nr  i r ao  i il  I'ho  tooos  aiul  hoilv  t issnos  oontainoil 

■’-lO",.  ot  tho  iloso  aiul  tho  hilo  Iv . 

hi-n/ono  iiu-t  aho  1 i siii  has  also  hoon  stiulioil  in  rats.  r'oriiish  aiul  Kvan 
on  I’.avo  ip  inioitions  t hS  mr.  kr.’'  aiul  t oniul  a .1  >"i.  violil  ot  phonol  in  tho 

iiriiio,  't'«  ot  wh  iih  was  ooii  | iir.a  t oh  as  siilt.itos,  1 / roii  in.r.at  oh  as 

r,  1 Ill'll  ton  i hos  . aiih  tho  rost  woro  t i oo  phonols.  A hii'.hor  poroont  ar.o  ot 
orp,.inii'  siiltatos  was  ohsorvoh  in  .inothoi  stiulv  v’-’'.  in  whiili  tho 
mo  t aho  1 i sill  w.is  lOiiiploto  hv  S hours  t. '' . 

In  hop.s  tro.itoh  with  10-UU'  iii,r,  k,r,  iv,  ot  tho  hoso  w.is  o\i'rotoh 

in  tho  iirino  as  a mixtiiro  ot  phonv  I ,r,  I luii  ron  i hos  aiul  phonv  I sii  I t a t o s . ikits 

anh  i’i^’,s  sliowoh  siiiiilat  mot  al'i>  I t siu,  hut  tho  ,r,o.it  prohi'iiii  naiit  l\’  oxiiotoh 

phonv  I sii  1 1 a t o tho  romaiiuior  hoin.r,  r,  I iirii  ton  i ho  t-'h'n  .iiul  ahoiit  onlv 

11  phono  1 ;■!-*). 


I'htis  It  appoars  th.it,  ro,i;.trh  loss  ot  tho  routo  ot  ahiui  n i s t rat  i on , 
hon.'ono  is  o 1 imi  n.it  oh  hotli  in  tho  oxpiroh  .i  i r .nth  in  tho  nriiu'.  I'ho 
oxpiroh  .lir  prohoiii  i nant  Iv  oonsists  ot  iino  h.in.r.oh  hon/ono  .uul  tX' , . In 
till'  iiriiio,  phonol  roprosonts  tho  larr.ost  unant  itv  .iiiion.r,  tho  r on  |ii,r,a  t oh 
ti»' t .iho  1 1 1'  oxih.it  ion  piohiiots  ot  hon.-oiio,  .ir  ooiiip.m  i oh  hv  siii.illor  .imoiint  s 
ot  I'.itoi'hol,  hvhroi;ii  i no  1 , .mh  hvilroxvlivilroipi  i no  1 . I'ho  livor  .ii'po.irs  to 
ho  tho  iii.'i  |oi  sito  ol  hoth  oxih.it  ion  aiul  oon  |ii,r,.it  ion. 
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Mixoi.1  Function  OxiUaso  aiul  Cytochrome  1*450.  Rosults  Iroiii  si-voral 
stuJies  iiulicate  tliat  l>t'nzi>iu’  is  hyJfoxy  1 a tod  by  cy  toohroiiio  P4‘)0  and  tin' 
mixod  fiinotiiin  oxidaso  in  tho  livor  mi  crosomos  ol  the  rat,  rabbit,  ami 
moiiso  (55-1)7).  Bonzi'iii'  ri'acts  with  cytochrome  1’450  and  1*448  in  nuicli  tin' 
same  way  as  other  substrates  tor  mixed  tunc t ion  oxidase. 

Benzene  Hydroxy  lat  ion.  Tlu'  mechanism  ot  hydroxy  1 at  i on  ot  benzene  l)y 
mixed  tunc t i on  oxidase  has  not  yet  been  determined.  Studies  by  Jerina 
and  co-workers  (58  to  bO ) suy,i;ested  tliat  the  reactions  probably  occur  via 
the  tormation  ot  arene  oxide  inti'rmed  iates. 

Areno  Oxides.  the  products  ot  arene  oxide  degrailation  result  t rom 
either  enzymatic  or  nonenzymatic  reactions.  Nonenzymat i ca 1 1 y , they 
underjio  isomerization  to  torm  phenols;  enzymatically,  they  may  be 
hydrated  to  a dil\ydrodiol  by  the  action  ot  epoxide  hydrasi',  lol  lowed  by  a 
subsequent  reduction  to  catechol.  'the  s ign i ticance  ot  the  latter  pathway 
is  not  understood  as  yet  since  very  litt  le  catechol  is  tormed  in  tlie 
course  ot  benzene  metabolism.  Another  enzymatic  reaction  is  the  transti'r 
ot  glutathione  to  arene  oxides  by  the  enzyme,  arene  ox  i de-g  lu  ta  t h ioni' 
transterase.  'the  glutathione  ci'iijugatt's  are  readily  metabolized  to 
premercap  topur  ic  acid  tollowed  by  dt'liydrat  i on  to  mercapturic  acid  (54). 

Perhaps  the  most  signiticant  reaction  ot  arene  oxide  with  cellular 
nucleophiles  (nucleic  acids  and  proteins)  is  that  which  could  result  in 
cellular  damage  indicative  ot  benzene  toxicity  and  carcinogenesis.  'the 
stability  of  a particular  arene  oxide  will  also  influence  the  extent  ol 
its  nonenzymatic  reaction  with  intracellular  nucleophiles.  Although  t lu' 
proposal  is  attractive  that  arene  oxides  are  the  b ioac  t i vatt'd 
intermediates  responsible  for  binding  and  for  the  cytotoxic  and 
carcinogenic  effects  of  polycyclic  hydrocarbons,  the  possibility  that 
metabolites  other  than  arene  oxides  are  the  active  agents  in 
carcinogenesis  should  certainly  not  be  excluded. 
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Dll'  ii.iliiic’  .iiui  till’  1' i lul  111}-,  s 1 r <■  o t .iii'iic'  I'xivii'S,  [lit-  t I III' I m .1  1 


p.i  t .mil' 1 1' i s .uiil  tin'  ivMU'tii'J  th.it  uitlui'iu'i'  t hi' 1 1 .utivitv,  .iiiil  t lu' 1 1 
huiilini',  I'.ip.ii'itv  1 1'  'ipi'i'  i t 1 1'  t.iii'.i't  nil' li'i'u  1 1'.s  .Hi'  .I  t i 1 1 uiuii'i 
l llVi'  S t 1 l'.,lt  l i'll  . 

lu  sutiiii.iiv,  till'  iiii't  .it'll  1 1 i'  t.iti'  i' I hi'ii.'i'iu'  I'.iii  hi'  V 1 s u.i  1 1 .•  I'll  -i.'i  till' 
tium.itii'ii  I't  .in  .iii'in'  I'xiili',  ti'lli'Wi'ii  hv  tin'  i I'.ii  i .iiii'i'iiii'iit  1 u t hu  luss 
I'lu'mi  I'.l  1 I V ;ii' t i Vi'  phi'iU' 1 , till'  1 lit  i' 1 .ii' t 1 i'll  i' t till'  I'xiili'  with  ii'lUil.li 
mil' 1 1'l'ph  i 1 1's  . I'l  till'  I'll.' vm.i  t 1 1'  I'l'iivi'i  s 1 i'll  1 1'  uithi'i  .1 1 hvili  I'.i  u' 1 ,'i  .i 

im' 1 1 .ip  t lit  1 1'  .iv'  i il . 

K.iti'  i' t I'l'ii.'t'iU'  Ml' t at'i' I i .sill . rill'  i.iti'  i' t hi'ii.  I'lii'  iiii't  .it'i' 1 1 sill  I'.iu  hu 
ill' t I't  mi  Ill'll  I'v  till'  lii'Si'  i' t hi'ii.' I'lii'  .itiii  t'v  I'l'iiipi'iiiiils  th.it  st  iiiuil.it  i'  I'l 

iiihit'it  I'l'ii.-i'iii'  nil' t .it' i' I i sill.  ili'i.Uili'  .iiiil  ,'\h  1 s t ii'iii  1 'J  ^ .iiiil  Siivili'i  1 (' 1 ^ 

ili'iiii'iis  t I'.i  t I'll  .1  lii'Si'  ili'pi'iiili'tii'v  t I'l  till'  i.iti'  i' t hi'ii.- t'lii'  till' t .it'i' 1 i sill  111  till' 

i.it  .Hill  r.ii'iisi',  I I'S  pi’i' I 1 \'i' 1 \ . r 1 i' t 1 I'.i  t nil'll  t i' t 1 .1 1 s with  phi'iii'h.i  i h 1 1 .i  1 
k t''*  ^ .Hill  tl'hu'lll'  k ' lllhlhltS  I'l'll.'  I'lll'  ti'Xli  ltV.  t'l'i' .111  Sl'  I'l'll.'  I'lli'  IS 

uv  t .ibi' 1 1 i'll  V i .1  till'  hi'p.itii'  nil  i' 1 I'Si'iii.i  1 niiXi'il  tiiiiitii'ii  I'xi.i.isi'  k'''\  it  is 

1 1'  hi'  oxpi'iti'ii  th.it  till'  i' I'liip  i'll  111!  s that  st  imul.iti'  tin'  .ir  t ivitv  at  th.it 

svsti'iii  niii'.ht  nil'll'. isi'  till'  i.iti'  i' t hi'ii.' I'lii'  iiu' t .tha  1 i sm , wh  i 1 a t hasa  th.it 
la.ii't  with  I'v  t aati  I ama  t''i''k'  mip.ht  iiihihit  I'aii.'aiia  iiia  t .it'a  1 i sin . 

Naipath  at  al.  k u I ''  axpasah  i.its  ta  'I'k'  ppm  at  t'aii.'aiia  v.ipai  s lai  Ik' 

il.ivs  .Hill  taiiiiii  .111  1 111' I'l'.isa  ill  I'v  t I'l'tii  ama  f'l'i'  lavals  kt''!'.  .iiul  I'l  aw  at 

.1  1 . k h't  ' taiiiiii  .111  iiiaia.isa  in  mi  a i asam.i  1 han.ana  mat  .iha  1 i sm  l a 1 1 aw  i na. 

axpasuia  al  r.its  t a 'ik't't'  ppm  t ai  ■>  liaiirs  il.iv  t ai  ' il.ivs.  Hawavai  . t ha 

t.liliira  at  I'MSk'  ta  simil.ii  Iv  itu'ia.isa  av  t aa  hi  ama  I’l'k'  lavals  siia.p.a  s t s 

tli.it  at  hav  t .la  t at  s tii.iv  p 1 .iv  .i  tala  in  ila  t ai  nil  ii  i ii;',  t ha  i.ita  at  haii.aiia 

im' t .ih  a 1 i sm . 

t'.ii.’.vma  I luliia  t 1 i'll . In  .iiKi  1 1 i an  , p.ii  ant  a i .i  1 .iilmi  ii  i s t i .i  t i an  al  haii.  ana 

.lisa  inaia.isi'il  t ha  f.ita  at  .•ax.i.a  l.inii  na  hvili  aw  1 .it  i an  .iiul  p n i t i ahaii.' a i a 

■la  III  ii'ihiatiaii  in  i.its  kO'''.  riiaiatai  a I'an.  aiia  .ipi'a.ii  s ta  tiinatian  .is  .i 

miaiasaiii.il  st  imnlniit  th.it  a. in  inaia.isa  t ha  i.ita  at  ilriia.  mat.it'alism 
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without  1 IV  ro.is  i U}’,  liuluotu'ii  hv  houjioiu'  is  olio  r .u' 1 1’ r i /.  t-h  hv  .iii 

iiioro.iso  111  mo  t -il'o  1 i sm  .iiul  in  t lu-  i iiooi  por.-it  i on  ot  .uiiino  nouls  into 
mi  0 losoiiui  1 piotoin  within  lionis  ol  .i  sinjtli"  host',  hut  lU’  pi\' I i t t'l  .it  it'ii 
i’ t t hi'  smootli  t'lulop  1 .1  still  0 it't  ionium  tShKi  w.is  ohsotvoii  at  that  t iiiit'  tt>', 
oc>  i . Atti’f  1 t’l  - v.ft'ks  t'l  ht'iioi'iit'  t it’.it  iiii'iit  , ShK  slu’wotl  p it' 1 i 1 1- r.i  t i t'li 
aiitl  till'  motabolism  ot  ht'n/t'ni'  I'oma  i lu'ti  slii;htlv  I'U’vatotl.  No 
it'lat  it'iishii'  was  1 t'lnui  hi'twoon  tlu'  tloi;rt'i'  t' t pit' 1 i 1 1- 1 .i  t i t'li  ol  SKK  aiul  tlu' 
l ato  t' t ht'iv.t'uo  mo t .il't' 1 i sm. 

S i no  o t'noviiu'  intluotit'ii  hv  I't'no.t'iit'  iitvt'lvos  piott'in  svnthosis,  tlu- 
tiata  sup.p.t'st  that  at  U'ast  twt'  tiiiloit-nt  t vpt's  t'l  pit'tt'in  may  bt' 

sv  lit  ht’ s 1 0 1'tl  1 1'  aoot'uiU  t t'l  inoit'ast's  in  tlu’  bono.i'iu'  iiu-taholio  latt-.  I'lu' 
obsof  va  t i v'li  that  i no  toa  ■■  'tl  bt'n.'.t'iu  uu' t abo  1 i sm.  t 1 1 ow  i no  iiuiuotit'ii  with 

bono.oiu'  was  Ut't  ao  oompan  i t'tl  bv  f.i  ist'ti  ov  t oohft'iiit'  r-t‘'0  U-vt-ls  is 

oonsistt'nt  with  iiithiot-tl  svntlu'sis  t'l  a .luiioi'  oompt'iiont  t'l  t ho  m i o it'som.i  1 
ovtoohioiiit'  TsSO  population  wh  loh  is  lo  sp.'iis  i b U-  tor  bt-nooiit' 
hvtl  i t'xv  1 a 1 1 on . This  small  t'K'vatit'n  in  ov  t t'ohit'iuo  I’-ibt)  1,'vt’l  wt'ulti 
boooiiit'  .ipp.iront  t'lilv  wlu'n  iiit-asurinp,  biiulino  spt'otr.i  .uui  not  wlu'n 
nioasuiino  It't  a I ovloohit'mo  I’tbO  lovols.  thi  t lu'  t'tiu-r  h.iiiti,  t lu' 

ob  so  r va  1 i ons  t'l  Nt'ipoth  t-t  al.  t n ' ' that  ovtt'ohiomt'  U'Vt'ls  tU' 

inoro.ist'  in  rats  t'xpt'St'tl  to  bt'iu:t'no  vapor  inhioatt'  that  t lu'  inorotisi- 
protiuootl  bv  bt'noi'iit'  mav  n.'t  bt'  sutlioit'iit  1 1'  bt-  th’ t t'o  t ah  1 1'  within 
hours.  Sovi'i'.il  stutlit's  havt’  shown  that  t ho  rato  t'l  iiu- 1 -ibo  1 i sm  w.is  iiu'ro 

olt'St'lv  asst'o  i .it  I'ti  with  tlu'  t'ptioal  tlonsitv  oh.inoi's  in  tlu-  bintiino, 

spootr.'i  t h.in  with  ovioohrt'iiu'  I’-tbO  oonti'iit  t't  tin'  miorosoiiu's  1 1' 1 1 t'w  i n o, 
t'no.vmo  intluotion  to7,  ob  ^ . 

rtu’fo  is  ovitlonoo  th.it  tho  ro  l.it  i on.sh  i p bt'twt'on  tlu'  r.iti'  t't  bonooiu' 

motabt'lism  anti  tlu'  bintiin}’,  spoo  t rum  mav  bo  tluo  tt'  tlu-  iutluot'tl  svnthosis 
ot  .1  St' -0.1  1 1 t'tl  "bintlinp,  pit'tt'in",  wh  loh  1 .lo  i 1 i t .'i  1 1' s tho  bintlinp,  t't  tlu' 
substr.itt'  to  tho  ov  t t'oh  rt'ino  v O'l  i . I'hus  tho  rat  o- 1 imi  t i no  stt'i'  in 
hvtlroxv  l.it  i on  t't  bono.t'no  is  tho  r.iti'  .it  wh  ioh  thi'  t'n.;ymo  substr.itt' 

Ot'mplt'x  is  rt'tluootl.  tV  protoin  that  inoit'asos  bintiino.  will  h.iston  tlu' 
rato  ot  rotliiotion  .iiul  thi'ii'bv  stimul.ito  bonot'iu'  iiu't  .ibo  1 i sm. 
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lu'tizfiu'  Ml' t ;ihi' I I sm  .liul  i'lixii'itv.  U'W  ,itt<'iiipts  li.ivi'  Ivt'ii  mkkIi’  1 i' 

I'orii' 1 ,Ui’  t'l’n.'i'iu'  uu' t alu' 1 i sm  with  lu-n/.i'in'  toxi>.’itv.  K>' 1 low  i ii;',  t lu- 
st ml  u-s  ot  r.ii  ki-  .iitvl  Williams  i.70'i  in  wh  u-h  plu-nol  .iiul  po  lyhvhi  oxv  l.it  i-h 
[’lu-tuils  ihontitit-h  as  bt-nitt-iu-  iiu- 1 aho  1 i t os  , llustiii  V71^  s uj-.yo' s t oi.! 

that  till-  mot  ah  o 1 1 1 1- s mipjit  ho  rosponsihlo  t oi  lu-n^oiio  toxioitv  thiouo.h 
two  moohanisms: 


ill  I'ho  iiu  i nono -V  i o K1  inp,  motaholitv-s  loatoohol,  ^luinol,  pv  rop.a  1 1 o 1 '' 
oouUi  loaot  viiiootlv  with  ohiomosomos  aiui  uUi-rtoro  with  mitv'sis 
i oi  Y thiopo  iot  1 0 svstom'  or  piOiUioo  an  arii-st  in  maturation  ihono 
marrow  rolls'  i’r  hoth.  aiui  v’l'uUl  also  inhihit  I'NA  aiul  KNA 
svnthosis  i hoiiK'po  iv't  i 0 rolls'. 

iJ'  Coll  division  and  m.itiiratii'n  rould  hi-  inhihito.,!  thii'ujih  hi-nrono 
di- 1 ox  i t i rat  i on  via  su  1 t o-ron  iur,at  i on  , with  suhsi-quont  vioplotiv'ii 
ot  r.  Ill  t ath  i ono  in  hono  marrow  loading  to  hour  marrow  doprossii'ii. 

No  ov  idouro  h.is  vot  boon  dovo  lopod  to  snpp.'rt  oithor  sur.i'o' > on . 


In  vitro  studios  showod  that  phonol,  r.itorlu'l  .ind  hvdroiiu  i lu' 1 .no 
mitotir  toxins.  Nomivam.i  I,  ' .uiini  n i s t o ri'i.i  hc-nroiu-  iiu-tahi'lito  to  r.its  ,it 
dos>'  lovols  simil.ir  tv’  thoso  .'hsorvod  iii  motaholir  studios  .ind  tound  that 
on  Iv  tho  r.itorhols  doprossod  hono  m.irrow  hv  r.iusinr,  anomi.i  and 
louropt-nia.  Ikod.i  ti’l'  oxpv'sod  r.its  to  honrt-no  in  .i  i r ,it  lOt't'  ppm  lor 
hours  d.iv  , ■'  d.iv  s .1  wook  .iiid  touiui  th.u  tho  ordor  ot  i nr  ro.i  s i n;', 
sonsitivitv  hasi-d  on  louroryto  doprossion  w.is:  vouiiii  tom.ilos.  .idu  1 1 
tt-mali's,  aiul  tin.illv  m.ilos.  Ho  I'valu.itOkl  .irvl-a  hvdroxvlaso,  othoro.il 
sult.ito.  .nui  j;  1 ur  u ron  i lit'- 1 orm  1 11;;  onr.yiiit'S  .ind  ronr  ludt-ii  that  tho  ht-st 
roll  o Lit  i on  hotwoon  ht-nr.t'iu'  toxiritv  .ind  iiu-taholism  would  ht-  m.idt-  ht-twt-on 
tho  r.ito  .'t  othoro.il  sult.ito  tormation  .ind  ti'xiritv.  No  rorn-lation 
hotwt'on  iiu't.iholism  .ind  toxiritv  tor  tho  otlu-r  t-nrvmos  w.is  touiivi.  Otlu-i 
studii's,  in  whirl!  r.its  trt-.iti'd  with  phoiu'h.irh  i t .i  1 nu- 1 .iho  1 i rod  moit- 
hon.-.t'iit'  .iiitl  wort-  rosist.int  1 1'  ht-iu-.i-iit'- i ndurod  1 t-ur  I'-pt-n  i .i . indir.itt-d  th.it 
pht-noh  .irh  1 1 .1 1 m.iv  i-itlu-r  h.ivt-  lU- 1 t'x  i t i t-d  ht-n.-.t-nt-  or  h.istt-nt-d  tho  rouu'v.il 
ot  .1  ti'xir  i nt  t- rmt-d  i .it  o r 7-*  ' . 
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li.  I’ossiblo  l.oukomo^on  i c and  rumor  ic  h'ttt>£^ts  - Nono  Kt’jioi' t I’d  . 

III.  SUlk'HKONU'  I'OXICIIY  (.Short  lorm  I'osts^ 

1.  Uomatolo^io  Kt torts 

l.oiK'opoii  i ,1 . Sour  roports  havo  boon  solootod  to  oxomplily 
subohronio  o 1 1 or  t s ol  bonaono  inhalation  in  labv'iatory  animals, 
boirhmann  ot  .i  1 . l.7i)  oxposod  rats  to  varying  rvMir  on  t ra  t i ons  ot  bointi-no 

in  ail  p[’in^  anJ  tonnd  that  tlio  I imo  lor  ilovolopmont  ot  sir.nitirant 

lonroponia  was  dos>'-  ,nul  t imo -ro  1 a t o d . I'hns  oxposuro  to  nl  ppm  or  moro 
indurod  s i pn  i t i r .uit  U-nroponia  botwoon  at  tor  d-a  woi'ks  ot  oxpi'suro, 
anil  -» /'  ppm  indnrOkl  iiK'dorato  but  dotinito  lonoviponia  attor  S-S  wooks  ol 
oxposuro,  .ind  IS-d'-t  ppm  did  not  i ndnro  anv  rhanpos  in  t ho  homopoiotir 
tissiu'  attor  1-7  iiK'ntlis  oxposuro.  I'ho  numbor  .'t  rod  blood  rolls  and  tho 
homoplobin  ronront rat i on  in  rirrnlatinp  blood  woro  not  attortod  by  anv  ot 
tho  oxposuros.  t.’uinoa  pips  pivon  i oxposuros  in  id  days  ,.iovi'lopod  mild 
lonroponia  t 7n  i . In  a stndv  rats,  puinoa  pips,  and  dops  woro 

oxpoSi'd  V. S 1 7 nip  m i tor  iO  oxpi’suros  in  a n-wook  poriod  to  bonrono 
vapor,  a doriv’aso  in  lourorytos  orrurrod  in  tho  rat  .ind  an  inrroaso  in 
tho  dop . Ni>  rhanpi'  was  loniid  in  tho  puinoa  pip  t77).  Othor  ottorts 
bosiklos  li'uroponi.i  inrludod  slipht  .inoraia,  t hrombopon  i a . and  propross  i vo 
doplotion  ol  mvo  1 opo  i o t i r rolls  in  boiu'  marrow  l7»''i.  Lonroponia  was  also 
soon  in  aiiim.ils  pivon  bonzono  by  tho  sr  routo  1,1  mp/kp  tor  a wooksi  tdi. 
Hot  tor  l7d)  v'bsorvod  a pro  lonp.lt  i on  ot  prothrombin  timo.  arromp.iniod  by  a 
ilorrtMso  in  sorum  protoins  in  puinoa  pips  oxposod  to  bonzono  vapv'is  !.-♦ 
mp/ I ) tor  t>  hours  ila  i 1 y lor  b wooks. 

Sox-Kolatod  Chanpos  in  Lour or y t o Count.  Sox  dittoronros  in  bonzono 
poisoninp  h.ivi'  boon  I’bsi'rvod  in  tho  r.it  . Komalo  rats  oxposod  to  10,000 
ppm  da  i Iv  tor  dO  davs  rospondod  with  a hO'.  dorro.iso  in  tho  total 
lonroryto  rount  in  tho  poriphor.il  blood.  Oiidor  simil.ir  oxpi'V  imont  .i  1 
ronditions,  tho  m.ilos  showod  only  JOk  dorroaso  iSO,  lOOi.  M.ilo  rats 
fominizod  bv  rastr.it  ion  or  injortoil  with  1.0  mp.  kp  ol  t'Stropon  ro.irtod 
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more  severely  than  rats  given  androgen  (81).  Conversely,  female  rats 
masculinized  by  ovariectomy  or  testosterone  injections  showed  increased 
leucocyte  counts  for  the  first  30  days,  followed  by  a rapid  decrease 
thereafter  (81).  Although  Ito  did  not  analyze  his  data  statistically, 
his  experiments  and  those  of  others  (75)  showed  unequivocally  that  female 
rats  were  more  susceptible  to  benzene  than  males.  It  was  suggested  that 
the  greater  susceptibility  of  the  female  to  benzene  could  be  due  to  the 
high  affinity  of  benzene  for  fatty  tissue  (82). 

2 . Bone  Marrow  Changes 

Hypoplasia.  Sc  injections  of  varying  amounts  (0. 5-3.0  ml)  of  benzene 
(in  olive  oil)  to  guinea  pigs  produced  initial  leucocy tosis,  followed  by 
mild  leucopenia  and  granulocytopenia  in  6-8  days.  These  changes  were 
progressive,  and  animals  that  survived  for  15  days  or  more  developed 
profound  leucopenia  and  granulocytopenia.  Other  cellular  changes 
included  the  appearance  of  "primitive"  (Q-cells  of  aplastic  anemia)  and 
giant  cells.  There  was  a marked  shift  to  the  left  of  the  myeloid 
elements,  suggesting  impairment  of  cell  maturation.  Abnormal  cytoplasmic 
basophilia  was  a conspicuous  feature  in  both  myeloid  and  erythroid  cells 
in  the  marrow  of  benzene-treated  animals.  These  abnormalities  are 
suggestive  of  a dissociation  of  nuclear  and  cytoplasmic  growth  and 
maturation,  possibly  resulting  from  a metabolic  block  to  some  biochemical 
level  (83). 
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The  above  observation,  coupled  with  the  fact  that  a lag  period  of  6 
to  8 days  is  necessary  for  development  of  leucopenia,  indicated  that  the 
primary  effect  of  benzene  was  on  the  bone  marrow  (83).  The  leucopenia 
and  granulocytopenia  were  accounted  for  by  the  natural  death  of  the 
circulating  leucocytes,  ich  were  inadequately  replenished  by  the  bone 
marrow  due  to  toxic  damage  by  benzene.  The  results  of  this  experiment 
were  in  disagreement  with  those  of  Latta  and  Davies  (84),  who  postulated 
that  benzene  exerts  toxic  effects  primarily  on  the  mature  leucocytes  in 
peripheral  blood,  and  the  bone  marrow  is  affected  secondarily. 

A rapid  fall  in  femoral  marrow  nucleated  cell  counts  was  also 
observed  in  rats  (1  or  2 mg/kg  for  3-5  weeks)  by  Koike  et  al.  (85)  and  (I 
ml/kg  for  2 weeks)  Gerarde  (2).  In  the  latter  study,  leucopenia  and 
involution  of  the  spleen  and  thymus  were  also  noted. 

3.  Immunologic  Response 

It  has  been  shown  that  the  complementary  potential  of  native  serum  is 
decreased  in  rabbits  receiving  a sc  dose  of  0.5  ml/kg  of  benzene  every 
other  day  for  40  days  (86).  In  another  study,  rabbits  treated  with 
benzene  lacked  the  serum  complement  activity  against  iv  administration  of 
increasing  doses  of  vaccine  (87).  These  observations  suggest  that 
benzene  inhibits  the  tissue  and  humoral  factors  that  control  the  immune 
defense  mechanisms.  In  a third  experiment  in  which  leucopenia  was 
induced  through  sc  injection  of  benzene  (0. 3-1.0  ml/kg  for  5-10  days), 
the  appearance  of  the  leukoagglutinin  type  antibody  was  noted  in  the 

3 

blood  of  those  rabbits  that  showed  leucocyte  counts  of  3500  per  1 mm 
of  blood  or  less  (88).  Tikhachek  and  Frash  (89)  also  noted  a 
potentiation  of  the  autoimmune  process  in  rabbits  injected  sc  with 
benzene. 
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I’fiitrai  Nt'rvi>iis  Svstfiii  Klli'fts 


Ni>  oi’iU  f.i  I lu'rviHis  systi'm  i' t I I'c  t s wi-n'  obsi-rvi'd  by  l)i- i olimaiiii  iM  al. 
t/‘>^  at  any  ol  t bo  bonzono  oonoont  lat  i ons  t boy  iisoil  (Ib-bil  ppm)  to 
int  1' rmi  t t out  ly  oxposo  rats  ovit  a 'H)  day  poriod. 

‘i . bobav  i oj'^1  K^toots  - Nono  Koportod. 

l> . Cbi  r d i o V a s 0 ii  1 a r K t 1 t‘o  t s 

Kat  s did  not  shown  any  abnormal  oa  rd  iiwason  1 ar  rosponso  1 1) 
i n t orm  i t t iMit  oxposnro  to  bonzono  tl‘)-8)l  ppm)  17')). 

7.  b i oobomi  oj^i  1 and  Hi  s t iiolu'ui  i oa  1 llban^os 


A oons  i do  rab  It'  nnmbt'r  i>  t stiuiios  bavo  bi't-n  ib>no  on  t lu'  lovi'ls  ol 
onzynu's  ami  i nt  o rmoil  i at  o s in  blood  ami  organs  with  tin'  t>b  jt'o  t i vo  iM 
t i ml  i ng  snbtli'  obangt's  t rom  bonzono  poisoning.  It  is  iiiiw  bi'lii'Vi'il  tbat 
tbo  toxio  t' 1 1 oo  t s t' t bonzi'iit'  art’  primarily  on  t bo  onzymos  tb.it  oiintriil 
its  oxitlation  in  t lu’  body,  snob  as  tbo  po  rox  i ilasi’s  ami  oatalasos. 

brain.  Mnzyka  ( 'H) ) injt'olotl  malt'  rabbits  so  with  0.1  ami  1.0  ml /kg 
i' 1 bonzono  ila  i ly  1 tu'  12  tlays  ami  mt'.isnrotl  t lu’  tlo  1 t a-ami  m' 1 t’vn  1 i n i o ;ioid, 

por  pbt>b  i 1 i nogon , ot’pro-  .iml  prot  tiporpby  r i n in  tbo  groy  mat  tor  ot  tin' 

br.un.  lit'  m'tt'tl  tb.it  tbo  tliroot  ao  t i I'li  t'l  inoroasing  bonzoiu' 

oi'not'iit  lat  i ons  nptin  tbt'  st'orott'il  t'nzymatio  pn'i'arat  i i>n  rt'snltt'il  in  a 

gratbial  tall  til  its  aotivitv,  with  an  attt'mlant  i no  roast'  in 
lit’ 1 1 a -.imi  mi  It'vn  1 i n i o aoiil  It'vols.  Krom  this,  it  was  oono  linlotl  tbat  tbo 
inllnonoo  ol  bonzono  tin  porphyrins  b i tisynt  bos  is  in  tbo  groy  mat  tor  til  tb 
brain  invtilvos  imlnotitni  ol  tbo  tb’ 1 1 a-ami  no  I t’vn  1 i n i o ao  itl  svntln'sis. 


in  b 1 ooii  c)  1 


Soriini.  Diu'  ol  the  oarlior  sliuiins  on  catalasn  activity 
rats  injt'ctcil  daily  with  I or  '2  ml  ot  benzono/kK  coiuliictod  by 

Hasogawa  anil  Sato  (‘)1).  A (>t)-8t)'«  dt'crcaso  in  activity  was  obsi'rvcd 
within  10  days  and  this  declined  still  turther  by  d weeks.  Thi’  ih'creast’ 
was  detiniti'ly  not  due  to  phenol.  Since  the  phy  s i o 1 oj;  i ca  1 action  ol  this 
enzyme  is  still  uncertain,  the  s if;n  i I'i  cance  ol  these  results  is  not 
in te r pre t ab 1 e in  terms  ot  benzene  metabolism. 

In  another  study,  reiu'ated  exposure  ol  rabbits  to  benzene  resulted  in 
incre.isi'd  serum  aldolasi*  levi'ls  in  10  days.  Clntamic  ox.ilacetic 
transaminase  and  j;lntamic  pyruvic  t ransami  n.ise  levels  were  not  a 1 1 ec  t ed  . 
Aj;a  in  the  role  ot  aldol.ise  in  bt'nzene  metabolism  rem.iins  to  be  elucidated 

r)2). 


Kotti'r  (79)  exposi'd  guine.i  pi^s  tii  benzi'ne  vajuns  (h  hours /day  lor  h 
wei'ks)  and  tound  incre.ises  in  aspartate  and  alanine  ami  not  rans  ter.ise 
activities  throughout  the  test  period.  Aldolase  .ictivity  in  this 
experiment  reiiui  i in'd  unchanged,  but  clio  1 i nest  erase  activity  decreaseii 
during  the  tirst  week. 

Kozera  (9  5)  examined  the  alkaline  phosphat  .ise  activity  in 
erythrocytes  and  the  ci>ncent  r.it  i on  of  phenol  in  the  blood  of  r.ibbits 
given  intramuscular  ( im)  inji'Ctions  of  O.d  ml /kg  of  a d0%  oil  emulsion  ot 
benzene.  He  tound  the  serum  phosphatase  activity  was  inhibited.  The 
inhibition  tveurred  earlier  ;ind  lasti'd  longer  in  the  I'ry  t liiiicy  te  s than  in 
the  leucocytes.  The  blood  levels  of  phenol  were  incre.ised  initially  but 
returned  to  normal  by  50-bt)  days  tol  lowing  exposure.  I'he  author 
suggested  tltat  inhibition  of  the  alkaline  phosphat  .ise  activity  was  due  to 
the  products  ot  oxidation  ol  benzene  (phenols)  rather  than  lo  benzene 


Kiasli  aiul  Karaulov  injocloii  rabbits  sc  daily  with  t) . ')  ml /ky,  ol 

bcu;’.  oiu'  t i>r  11- 1 weeks  aiui  rats  with  11  ml/ky  lor  4 weeks,  t h»Mi  iletermineil 
till’  KNA,  the  ac  ill  pbospbat  asi- , succ  i na  t e -di’by  tlroyenase  , aiul  lymplio|>o  i e t i e 
activity  ot  tin’  b 1 ooil  serum  b i stoebemi  ca  1 ly  . 'I'liey  observeil  a decrease  in 
lympbocyte  counts,  a depression  in  KNA  syntbesis,  and  a decrease  in 
activity  ot  both  enzymes. 

Liver.  Ikeda  t/.l)  exposed  rats  ot  ditterent  aye-'*  te  U)lK)  p|im  ol 
bi’iizene,  7 bonrs  a day,  ‘>  days  a week  lor  til)  days  and  lonnd  .in  increasi’ 
in  ar  y I -4-by  droxy  1 .ise  and  UDl’-y  lucurony  1 -t  rans  I erase  .activity.  botb 
enzymes  were  involved  in  benzene  met.ibolism.  Otiier  liver  enzymes 
concerned  with  sultatiny,  activity  tsullate  adeny  1 1 tans  I erase  , 
adeiiy  1 su  1 1 .ite  kinase,  ar  y 1 -su  1 1 o t rans  1 e r.ise  ) were  not  attected. 

11  is  t oc  bemi  ca  1 studies  on  liver  aiul  kidney  slices  1 rom  mice  I’xposi’il  to 
24  my/ 1 tor  (i  bonrs  a day  lor  2 weeks  sbowed  dam.iye  to  t be  m i t ocbondr  i .a . 
and  tb  is  was  rellected  in  de|)ression  ol  succinic  and  lactic  .acid 
debydroyenase  , y lucose-O-pbospb.at  e debvdroyenasi’ , and  NADll,^  - 1 e I r azo  1 e 
reductase  activity.  I'lie  etiect  ot  benzene  on  alkaline  pbospb.at  .ase  was 
inconsistent  ( 9‘> , 9t) , 97  ) . 

till'  microsomal  mixed  tunction  oxidase  system  is  a rel.it  ivi’lv 
non-spec  i I ic  enzyme  system  tb.at  is  prim.arily  responsible  lor  t be 
mi’t.abolism  ot  many  xenobiotic  compounds  1 98 ) . Activity  reiiuires 
molecular  oxvyen  and  NiMll’ll,  wbicb  revolve  round  a series  ot  reactions  ol 
a beme-con  t a in  i ny  [irote  in,  cytoebrome  1’4‘U).  Studies  on  benzene 
metabolism  stronyly  suyyest  tb.at  t be  mixed  tunction  oxid.ase  is  benzene 
bydroxy  l.ise  tSS,  99).  Kiirtber  det.ails  ot  its  role  in  benzene  met.ibolism 
in  experimental  .an  im.i  1 s .ire  discussed  under  .acute  toxicity.  Section  11. 

8.  K I 1 ec  t s on  Hotly  We  i yli  t , (ir^.ans  aiul  ti.'^ues 

* yrowtii  in  r.its,  as  indicated  by  t be 
increase  in  luxly  we  iybt  ot  tbe  animals,  w.as  not  .itlected  bv  benzene 
exposure  t7'>). 


Skin.  Chanj^i’s  in  tlu'  skin  wi'm  similar  1 1>  tlu>si‘  lic  sc  r i bi'il  tnl  lowing’, 
acute  exposure  (2,  li). 

Fatty  'i'issnes.  The  etlects  wi're  the  same  as  ilesc  r ihed  tor  acute 
St  nd i es  til). 

i.nn^ . Rats  exposed  to  11  ppm  tor  7 hours  a ilay  tor  ‘>0  ot  12l)  days 
showed  pathological  clianges  in  the  lung  which  resembled  tliosi'  .)!  chronic 
bronc  hopneniixm  i a ( 71)). 

Sp  teen.  Noeske  and  Mentens  (101)  observed  a maiked  decri'ase  in 
myeloul  parenchyma  and  an  inci  i'asi'  in  lymplioid  I issue  lol  lowing  I'xpiisure 
of  rats  to  sc  injections  ot  benzi'ue  tor  1 weeks.  Di-ichmann  I’t  al.  (/b) 
observed  significant  hemos  i di'ros  is  in  bt'nzene-exposed  rats  (11  ppm,  7 
hours  a day  tor  00  ot  120  days)  as  compared  with  controls. 

K idney . M i Kl  nephritis,  with  C))nvoluted  tiibuK'  abnoiina  I i t i I's  , was 
toimd  by  Mct.'oril  et  al.  (102)  t o I 1 ow  i ng  exposure  ot  rats  1,)  ben/o'iie. 
However,  Deichmann  et  al.  (7‘))  exposed  rats  to  varying  benzi'iie 
conct'iu  rat  ions  and  noted  that  the  kidneys  wi-re  normal. 

Liver.  Selling  (101)  1 omul  tattv  i n 1 i 1 t rat  i on , hepatitis  aiul 
necrosis  tolKiwing  beni:ene  inhal.it  ion  (UKK)  ppm)  in  rats,  but  IX'ichm.inn 
et  al.  (7'))  t onnd  livi'rs  i)t  r.its  expv>sed  to  .11  (>pm  to  be  iiiirma  1 . Koc.t'ia 
et  al.  (104),  wlio  gave  ral’bits  tx'uzene  im  (1  ml  I't  a lOv  solution  in 
oil),  identified  functional  changes  in  the  liver,  which  they  suggi'steil 
were  secondary  to  the  hi'matologic  ilistnrbance  resulting  t torn  beni’.i'ue 
.ulmi  n i St  rat  i on. 

Kndocrine  Organs.  lann.iccotu'  .nul  lacibs'll.i  (lOb)  tre.iti'il  r.its  with 
1 ml/kg  of  benzene  ila  i ly  lor  22  days  and  tound  mor  j)ho  1 og  i c.i  1 ch.inges  in 
the  anterior  pituitary,  thyroid,  thymus  and  ailn'n.il.  An  incre.ise  in  Al"l'll 
and  t’Sll  production  was  also  observed.  There  was  increased  t unc  t i t)n.i  1 
activity  in  tlie  cells  of  the  Isles  of  l.angerhans  (pancreas!,  tlu' 
medullary  cells  of  the  adrenal,  and  the  tv'llicular  cells  ol  the  thyroid. 
None  of  these  changi's  were  observed  by  Deichmann  et  al.  (7')). 
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Other  Organs.  'I’he  l\eart,  testes,  ovary  ami  ^ast  ro  i iit  <'st  i iia  1 traet 
were  normal  in  rats  exposed  to  benzene  vapor  (.31  ppm,  7 lionrs  a day), 
subclu'on  ica  1 ly  (90  days)  (75). 

9 . Cytologic  and  Cytogenetic  Cl\an^es 

Clircimosoma  L Aberrat  ions.  Ct\romosom;i  I aberrations  were  observed  in 
tile  bone  marrow  ot  rats  injected  sc  witli  1000  or  2000  ing/kg  ot  benzene 
for  12  days  (30,  10b).  In  botlt  studies.  Heps,  chromatic  and  isocliromat  ic 
breaks  were  recorded  at  metaphase  in  more  than  bOi  ot  t lie  cells  examined. 

1 0 . I'he  Molecular  Site  of  Benzene  'I'oxi  c i t y 

Radioantographic  Measurements.  Moeschlin  and  Speck  (S)  measured 
14  ... 

C-thymidine  in  corporation  into  ONA  ot  rabbit  bone  marrow  tol lowing 
daily  sc  injections  ot  benzene  (0.3  ml/kg/day)  for  1-9  weeks.  This 
treatment  resulted  in  severe  pancytopenia.  llypoji  1 ast  i c i t y r.ingi'd  1 roiii 
mild  to  severe.  Wtiite  blood  cells  were  reduced  in  number,  and  ONA 
synthesis  was  inhibited. 

In  Vivo  Radioactive  Incorporation.  Similar  studies  were  pertormeil  by 
Kissling  and  Speck  (107),  wliere  the  incorporat  i on  ot  ^ll-thvmi  d i ne  and 
ll-cy  t i d ine  into  t)N/\  and  RNA  of  the  bone  m.irrow  cells  ot  r.ibbits  was 
measured  following  benz.'ne  administration  (0.2  ml/kg/day  tor  b-12 
weeks).  Marked  tiy  pix'e  1 In  tar  it  y and  decreased  incorporation  ot 
radiolabeled  precursors  indicated  disturbance  and  inhibition  ot  both  0N.'\ 
and  RNA  of  bone  marrow  cells. 

In  Vivo  Colony  Forming  Assay.  Speck  and  Kissling  (IDS)  nsi'd  in  _iji 
vivo  CO  1 ony-f ornii ng  assay  technique  to  study  the  ettect  of  benzene  on  the 
hemopoietic  stem  cells.  A high  dose  of  benzene  was  used  (300  iiig/kg/dav ) , 
and  the  treatment  was  extended  over  2 weeks.  Tlie  results  indic.ited  that 
the  primary  effect  of  benzene  was  on  the  stem  celt  and  not  on  the 
differentiated  cell. 
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ll.  Kmt’r  yi'ii  1 1'  atuj_  IVt  at  1 1-  Ktti'kts 

111  iMU'  t I’l’ fiiiliu' t i Vt'  .‘it  lulv  , It'iiialt'  I a t .“i  wt'it'  ii'ii  t i iiiu'ii  ■;  I v ti> 

1).  I'l'm  4>  t bi'iiiit'ni'  va|'i>i  till  ilavs  i>iioi  t ii  nii(>  t i“v,  iia  t i i>ii . I'lir 

animals  ('xposi-il  to  JO'*./  ppm  t.iiloil  to  I't'oomo  p r<‘>;iijiiit  , aiiil  .it  t ho  othoi 
vlosos  tho  luimluT  ot  ottsprinp,  ohtaiiu’il  por  tomaU'  I'li  hav  ol  po'st-it  ion 
was  invorsolv  i>'lati‘»l  to  lu'n.'.oiu'  i n t I'x  i o ;i  t i on . Kotal  wi’ip.ht  was  iii’t 
alti'otovl  in  anv  ol  tlio  tioali'il  y;ronps,  hnt  tlu‘  ot  pan , IuhIv  woip.lit  tal  i «> 

1 or  tho  1 . b ppm  pionp  was  .s  i pn  1 i o ant  Iv  hiplior  than  i-onliols.  I’ivmu  tln-so 
ft'siilts,  it  wa:.  oono  I luli'vl  tliat  tho  pat  ono  hvina  t on  s oi  p.ans  woio  altoot<‘h  hy 
hon.'. I'lU'  pi'isoniiip 

1 . Mo  t aho  I i sill 

J_n  vivo  mot  ,ih  i' 1 i sill  ot  hon.-.ono  Jni  i up  siihohia'iiio  lioatmoni  is  siiiiil.ii 
to  that  Jt'so  f it’oii  tot  aonto  t i o.i  t iiu-nt  . 

Ill  siiiiiiiai' V , .siihihi  on  i o hoii.iono  lo.xi.itv  appt'ai  s to  ho  lol.ili'il  to  tho 
lovv'ls  ami  aiiunints  ol  hon/ono  mo  t ahv' 1 i t os  ['losont  in  tho  .inim.ils. 

I'l  oat  iiiont  s that  inoti-asi'  tin'  iati‘  ot  I'l'ii-ono  iiu' t .itn<  1 i sin  .ilso  imtoaso  tho 
i.ito  o 1 mil  nat  i on  i' t tho  mo  t alv' 1 i t I's  , thus  ilovii'asinp  th,'  total  ox('osnio 
aiul  oli'vatinp  tlio  losnltinp  toxioitv. 

1 1.  I’l'ssihU'  l.i'nkt’iiio^on  i 0 ;iml  I'liiiK'i  i pon  i o I'.tloots  - N>'no  l\opv>rtovl. 

IV.  I'llKl'Nll'  rt'Xll'irY  t l.onp,  I't-iiii  I'l'stsl 
1.  Itomat  i' 1 o^i  o ht  toots 

l.onoi'pon  i a . Koni  lopoits  woro  si'lootoil  to  oxomi'litv  tho  lolationship 
hotwoi'il  lioso,  oxposnti'  t imo  .iml  .lopiot'  ot  ti'xioitv.  l.atta  aiul  1'avti‘s 
lS‘»l  ailitti  n is  1 1' r<‘tl  hon.'.ono  to  r.its  so  at  J! mp/kp.ilav,  wh  i 1 o I'oiohiiiann  ot 
al.  t7‘'l  oxposoil  rats  to  hon.'.t'iio  in  air  ami  ohsoivoil  ti’xio  ottoots  in  tin- 


ot  i)‘i-Sil  ppm.  ct  ;i  1 . OlO)  oxposi'ii  d.'ps  to  oDO-lltH)  ppm, 

whoro.is  Sollitijt  tU)})  p,;ivo  rabbits  bonziMU'  so  at  a liosi'  .'I  1 mp  k;’,. 
Altlumgh  ail  initial  transitory  lonoooytosis  was  troipiontlv  I'bsorvi'.l,  tin- 
ri'snlt  in  oaob  oaso,  rop.ai'l  1 oss  ot  t ho  spooios  vir  aiimi  n i s t ra  t i v'n  ronto, 
was  lonoiiponia.  At  U-vor  liosos  moro  timo  was  roipiiroil  to  aohiovo  llio 
o 1 1 oo  t , but  tbo  t i na  1 rosnU  was  t ho  samo . Tho  most  strikiny,  I'ttoot  was 
noutroponia  aooompaniiHi  by  lympbooy  t os  i s , wliiob  li  isappoaroh  as  tho 
bonzono  oont  i luioh  to  attaok  tho  myoloiil  tissno. 

hat  ta  and  Davis  (.  8-i  ) tonnd  tho  Ivmphoivl  tissiu'  t ii  ho  moro  sonsit  ivo 
to  bonzono  than  tho  myoloid  tissno  in  rats.  In  rabbits,  t lu'  opposito  wa.- 
t rno  tlOl).  I'ho  noutroponia,  oharao  t o r i ivl  bv  a sh  i 1 1 to  tho  lolt  I't  tin 
myoloid  o U'uiont  , suyyosts  that  tho  louoooyto  maturatii'ii  is  atlootod.  Ih. 
li'uooponia  oan  ooour  quito  rapidly  and  tho  oo  1 1 oount  s usual  Iv  ro.ioh 
i-xtromoly  low  U'vols  prior  to  di'ath. 

Hormonal  and  othor  oyolio  taotors  must  also  bo  taki-n  into  aooount 
wht'ii  ovaluatiny  coll  oounts.  Althouyh  tomalo  rats  aro  moro  prono  to 
dovo  lop  K'uooponia  tollowiny  bonzono  i nt  o\ i o at  i on  . studios  bv  l-'arris 
(111)  olo.irly  show  that  thoro  is  a s i yn  i t i o ant  di'otiMso  in  louooovto 
numbor  at  tho  poak  ot  tho  ost rus  oyolo  with  oounts  roturniny  to  normal 
duriny  tho  diostral  intorval. 

rjatolots.  A numbor  ol  invost  i yat  lus  havo  prosontod  ovidi'uoi'  ot 
dooroasod  pl.itolot  lunotion  assooiatod  with  btuizoiu'  lu’ma  t ol  I'x  i o i t v in 
hnmans  1 1 I , 111,  11-4,  IT').  I'his  appoars  tv'  bo  vUu'  1 1'  intrinsio 

plalv'lot  abnorma  1 i t ios  that  v'nhanov'  t lu’  v'ttv'ot  v't  anv  ilooitMsv'  in 
absviluto  platolot  numbor.  I'lu'  prosi'uoi'  ot  purpura  v'r  v'thv’r  bU'i'vliny 
m;in  i t os  t a t i I'ns  mav  bo  vluo  tv'  suoh  an  ottv'ot  v'li  platv’lot  Innotiv'ii.  In 
advlitiv'ii,  thoro  is  si'mo  suyyotiv'ii  that  ah  lu'rma  1 i t i os  ol  ooayulativ'n 
lactv'rs,  in  .addition  tv'  vloori-asovl  pl.itv'lot  tunotiv'n.  mav  .i  1 sv'  hi'  pii'Si'nt 
in  bonzono  toxioity  IIIJ,  llA). 


Apliisia  - Hypi-  ip  1 as  i a . I'lu'  s<' iiuoiui’  ot  lu'im'iu'i  i i-t  i o vlianya’-'^  "i 
ial't>its  ti'tlowini’,  sv'  m j tn' t i oiis  ot  lu-ii/i'iu’  was  stuJiovI  t'v  Soiling,  tUM), 
iisinp,  tlu'  ton  t i no  oo  I 1 oomitiuj’,  ti-ohnunu'.  I'ho  losiilts  showowl  that  tho 
Ivmpliout  tissvu's  woro  moro  susoi'p  t ib  U-  t i'  bon/ono  loxioitv,  as  iti>lioato.i 
I'v  a rapui  Uooii-aso  in  1 vmpltoov  tos  an^l  a lolativolv  stablo  nnmbi'i  ot 
oi  t ht  oov  t I's  in  tho  potiphoial  bloiwl.  Init  h i s t opa  t ho  1 o>;  i o a 1 i-xamination 
ot  till'  bono  Ilia  I tow  showoil  that  all  oo  1 I t vpos  - or  v t hioo  v t o s , 

0.  raiui  1 oov  t os  , t hionil'oov  t os  aiul  1 vmphoov  t os  - woro  attootoil.  Sinoo  tho 
I'.i  anil  Kx- V t i o loiiooovtos  havo  a shortor  lito  than  tho  o rv  t h roo  v t o s , a 
slip.ht  inhibition  ot  loiioooyto  p roiluo  t i on  will  bo  rapiillv  lotlootoil  in 
tho  poriphoral  loiiooovto  oount  (S'',  llo^,  whoroas  inhibition  ot 
oivthioovto  proiliiotion  in  iiiyoloiil  lissno  will  not  bo  ilo  too  toil  bv 
poriphoral  orvthroovto  oonnts.  Althono.h  aplasia  was  tho  proiloiiii  nant 
ooiulition,  Si'llino,  ( U' ' ^ a 1 si'  showoil  tho  Oi'“ox  i s t t'lioo  ot  hvpi'ip  1 as  i a . 

This  was  tho  rosnlt  ot  roy.ono  ra  t i on  that  boo.an  within  '-a  Jav  s ot 
tioatiiiont,  with  toriiiatii'ii  ot  y.ronps  ot  oolls  oontaininj',  laro.o 
1 viiiphoo  V to  s , v;rann  1 vvy  tos  , or  orv  tin  ob  1 ast  s . 

Ki' t i on  1 ooiulop  1 asiitoo  V t i o Koaotion.  l.ow  ilosos  ot  bonoono  p.ivoii  s.’ 

(l'.0'>  - 0.  I mo,  k)',^  pioiinooil  a iiiarkoil  ro  t i on  1 oonJop  1 asiiioo  v t i o roaotioii  in 
tho  bono  marrow  t S'>  1 . 

Aiiiony,  tho  rooont  stinlios  ova  liiat  i ii.o,  rolat  ivolv  laii'.o  o.ronps  ot 
i Hil  i V i ihia  1 s ooonpat  i ona  I 1 v oxposoil  to  bonoono  is  that  ot  Aksov  ot  al. 
(117K  Anomia  aiul  I oiioopon  i .i , with  or  without  t h ii'iiiboo  v t opon  i a , woro  tho 
most  ooiiuiion  litulini’.s.  I'ho  bono  marrow  tiiiilin.o.s,  whioh  rano.oil  t roiii 
slip.ht  Iv  hy  pix' o 1 1 11 1 ar  to  hv  poro  o 1 I n I ar  , woro  in  koopinp,  with  tho  iiianv 
stmlios  ot  bonoono- i lulnooil  panov  t opon  i a in  animals.  I'ho  bonoono- i luhiooil 
['.inoy  topon  i .1  is  vorv  similar  to  tho  so-oalloil  iiiiop.ithio  aplastio  anomia. 


limiiviiii' K'j^v  i'  Ktlt'vls 

Annual  i' \i'f  i nucn  t s havn  shv'wi\  that  si'voit'  Knun'pi'ii  i a i av' >■  niupan  i inl 
hv  t hi'  ahsi'Hi't'  nt  ant  ihai' t I't  i a I hnilins,  whuli  insnlts  in  i lU' i nasi-il 
sn  Si  i' 1' t i !' i 1 V t V 1 1'  i n t I'l' t i i'll . SimmiMiils  aiut  .loiu'^  tllS^  tniniil  ini' i nasi'il 
iiii'italitv  III  lal'l'its  i n I I'l' t I'll  with  hi'ii.’ niit'  uii;  kiti  si' ^ ; tlinv  ."iiui'inuhi'il 
1 1'  s I'lUi  t a iii'iHi  s iiili’i'l  ii'iis  ti'.iiiilv  aiiil  shnwi'il  lit'i' i I'asi'il  aiiK'iiiit  i n t 
ai’.i',  ill  t i n i ns  aiiit  nnsiniins.  A 1 nk  sno  va  aiui  .'.I'lina  i,  I 1 ^ .nut  I ikh.iihi'k  v S'* ' 
til'. Ill'll  i.il'hits  witli  Si'  i n |i'i' t i nils  i' t hi'ii/ nun  tl*.l*'>  0.1  tiu'.  ki;^  wt'i'klv 

.Hill  I'bsi'ivi'il  till'  p i I'Si'iii'i'  iM  .111  t nant  il'i'il  i ns  in  t lin  1 1 plasiii.i  at  t hn  niul  nl 
J vn.lis. 

In  hniii.ins  , iViiip.it  i nn.i  1 I'xpnsnii'  t n hi'ii.- nun  InO  t n .i  ilnn  i n.i  sn  in 
n 1 1 k".i  1 .1 1 i III',  i',  i .niu  1 1'l'v  t ns  1 1;  i .inn  1 nnv  t npnii  i .0  vl-1^  .nui  t n -i  Inw'ninil 

insistaiun  t n intnitinn.  In  .iiKl  1 1 i nn  , tlin  sn  i mu  Invnls  n t 
luimnii'.i;  I I't'n  1 1 ns  v 1 - 0 ' h.ivn  hi'nii  inpnitnii  t n hn  .iltninO  in  nai  Iv  hnn.'nnn 
hnui.it  nt  n\  i n it  v . 

•t . I'nnti.il  Nni  vi'iis  Systniii  kttnits 

Knpn. Ill'll  I'Npi'Siii  ns  n I i .i  t s tn  1000  ppui  nt  hnn.nnn  tni  ’ tinui  s li.iiU, 

' il.ivs  .1  wnnk  t ni  -'S  wnnks  .1  1 0 nnt  .'.nisn  .iiiv  nnnti.il  nninntis  sistniii 
ilnpinssinn  t 1 . Hnwnvni,  n I t nn  t s nn  thn  nnnti.il  nnivnns  svstnui, 

i nn  I lilt  i iii;  nh.iiii'.ns  in  nninl'i.il  n 1 1 nii  1 .it  i nn  t I ' .iiul  .i  1 t n i .i  t i nns  innniilnil 
hv  n I nn  1 1 nnnn  n pli.i  I n.i;  i .1  ph  s tl.'.«\  h.ivn  hnnn  inpnitnil  in  luiiu.iiis  n\pnsnil  tn 
hnn.'nnn  in  nnnnp.itinn.il  snttiiii'.s. 


'.  hnh.ivinial  K ttnnts  Nnnn  Knpnilnil. 

0 . v'.it  il  i nv.isnn  1 .11  Kttnnts 

Nn  .iilvnisn  n t 1 nn  t s wnin  inpnitnil  in  i.its  n\pnsnil  tn  •*  ' ppm  t'  hi  O.iv 
nn  1 St*  il.ivs  nvni  .t  tnt.il  nl  .'-O’  ilavs'  ni  1''  ppm  t ' .lav  wnnk  tni  I '-*  nt 
1 ila\s'  nt  hnn.'nnn  tlnwnvnr.  tlinin  ai  n iiiin  nn  t 1 1 iiu'il  snk;.i;i'st  inns  in 

thn  litniatiun  th.it  thn  liinuan  n .i  i 0 i nv.is  nn  1 ai  svstnui  iii.iv  hn  .iilvnisnlv 

I 

;s 


a t 1 ov- toii  bv  bfUioiu'  U-t’.  IJ/).  Moiiai-nkova  aiui  Zorina  i.lZ7)  sliowoii  that 
linrinj;  bi’n;:i'ni'  poisoniiii;  tlu*r<'  is  a tonilt'iicv  towani  i no  rt'aSt’J  oaiaiiao 
ontpiit.  Cironlation  was  aooo  lorat  I'li . anh  poriphoral  rosistanoo  anU 
ar  tonal  prossuro  woro  hoo  roasod  . 

7.  1)  ioohoiiuoa  1 ajui  H i s t oolu'iii i oa  1 I’lianj^os 

brain.  Mn^tvka  t d0 1 iniootod  malo  rabbits  so  with  0.1  and  1.0  ml/kj; 
ot  bon.-.v'iio  d.iilv  tor  b uu'nths  and  assayovi  tho  por  phob  i 1 i nogon , oopro-  and 
p rot  v’por  phv  r i n aiui  do  1 t a~ami  no  1 (>va  1 i n io  ao  i d in  t lu'  brain  tgrov  mattt'r^. 
Ho  obsorvod  a doso-rolatod  dooroaso  in  ono,yrao  aotivitv  t sy  nt  ho  t a so  1 and 
inoro.iso  in  do  1 t a-.imi  no  1 ovu  1 i n i o ao  i d . Krora  thoso  ob  sor  v a t i ons . ho 
oono  ludod  that  thi-  o 1 1 oo  t ot  boii.iono  on  brain  porphyrin  synthosis 
involvod  1 ndiio  t i on  ol  tin’  do  1 t .i -ami  no  1 ovii  1 i n i o ao  i syntlu’sis. 

Sornm.  Qu.int  1 1 at  i vo  ohaiijtos  in  si'voral  si’rum  on/.ymos  havo  boon 
roporto.i  bv  Hanko  aiwl  hob  tl^d)  in  humans  oxposod  to  bonst’no  ovor 

K-'i'i);  poriods  t >.x' oupat  v ona  1 oxj’osuro^. 

Krash  and  Karaulov  t i init’otod  rabbits  with  0.1  ml/kj;  ot  bono.ono  5 
t imos  a wook  tor  1 ' im'nths  and  nu-asurod  tho  KNA,  aoid  phosphataso,  aiui 
suooinato  di'livdro  o.ona  so  aotivity  in  tho  lyiiiphooy  tos . Thov  obsorvt’d  a 
dooro.iso  in  all  thro.’  paraiiiot  o r s . liu’  numbor  ot  lyraptiooytos  was  also 
ro.iuo.’.l. 


8.  Kltootj^on  bo.ly  IvVi^ht^  t>r^;uis  aji.i  '1' i s suyys 


b.i.ly  Woij^ht.  Kats  ohr.in  i oa  1 ly  oxp.'s.'.i  t.'  b.'iiit.’ni' 
n.'iriiial  ^r.’wth  rato  as  oomparod  witii  oontr.'ls  178''. 


vapor  sh.iw.’d  a 


Lun^. 

1S4  ol  :ib 
subohr.in  io 


Kxp.isiiro  ot  rats  to  18  ppm.  7 luiurs  a .lay, 
days  pr.’diiood  puliii.’nary  oltoots  similar  to 
St  11.1  i os  1 78  1 . 


8 .lavs  a wo.’k  .ui 
tlu'Si’  dosoribod  1 .ir 


Skin.  Doniuil  contact  with  licinih  benzene  may  cause  erythema  and 
blisterinj;  ot  the  skin,  and  a dry,  scaly  dermatitis  may  develop  during 
chronic  treatment  (2). 

Spleen.  Tikhachek  and  Frash  189)  noted  a marked  re t i cu lop  lasmocy t ic 
reaction  in  the  spleen  of  rabbits  injected  sc  with  benzene  1,0.05-0.1 
mg.''kg).  wltile  Wolf  et  al.  170)  found  degenerative  changes  in  this  organ 
tollowing  benzene  inh.ilation  frabbit,  80-88  ppm,  5 days  a week)  and  po 
administration  (0.05-0.1  mg/kg,  5 days  a week)  for  0 months.  Deichmann 
et  al.  fys)  noted  hyperemia  and  a "more  marked"  hemosiderosis  in  rats 
exposed  to  benzene  vapors  ( 1 and  47  ppm,  7 tiours  a day  for  154  and  180 
days,  respectively)  than  in  controls.  I'he  incidence  and  severity  of  the 
abnormality  were  higher  in  females  than  in  males  but  were  not 
dose- re  la  ted. 

Ga  s t r o i n t e s t i na  1 1 rac  t . No  adverse  effects  wt're  noted  in  the 
gastrointestinal  tract  of  rats  exposed  to  chronic  inhalation  of  benzene 
vapors  (15  ppm,  7 hours  a day,  5 days  a week  for  154  of  215  days)  1.75). 
However,  there  are  unconfirmed  reports  that  suggest  that  the  human 
gastrointestinal  system  may  be  adversely  affected  by  chronic  benzene 
exposure  (130,  131). 

Tes  tes . In  laboratory  animals,  (rats,  guinea  pigs,  rabbits,  monkeys) 
chronic  (b  months)  inhalation  of  80-88  ppm  of  benzene  in  air  daily  for  5 
days  a week  or  po  admin  istrat  ion  of  1 mg/kg  ilaily  for  5 days  a week 
resulted  in  testicular  degeneration,  and  retardation  and  depression  ot 
the  maturation  ot  the  germinal  epithelium  (7o). 

Other  Organs.  The  heart,  liver,  endocrine  glands,  urogenital  organs 
and  lymph  nodes  wt're  not  adversely  affected  in  rats  exposed  to  15  ppm  ot 
benzene  (7  hours  a day,  5 days  a week  on  154  of  45  days)  (75). 
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. t'vtolo^ic  aiul  t.'v  t t ic 

L’lii  omosoma  I Abojraj^ious . Ctirniic  troatiiu-nt  ot  rabhils  with  Iumizimio 
tO.J  ml  kg/Jay  sol  rosiiltoJ  in  inhibition  ot  oo  I 1 pro  I i t ot  a t i on  as 
ovi>^ionood  by  a roJuooJ  nniubor  ot  oolls,  a liooroaso  in  t ho  laboliny  i’ t 
mvoloid  proonrsvir  oolls,  and  a roduotion  iit  tho  numbor  ot  matnro 
normob  1 a s t io  oolls  in  tho  bono  marrow  11.12,  IJJ). 

Iris  only  tiUiiiian).  In  oontrast  tii  tlio  pauoitv  ot  oxpor  imont  a I data, 
thoro  IS  abundant  intormation  on  oxposod  tinman  populations  and  oaso 
roports  on  loukomia  pationts.  Uno  to  tho  variability  ot  tho  oxposuro 
pat  torn  t oonoont rat i ons , duration,  othor  olinioal  oomp 1 ioat i ons I , thoso 
data  aro  hard  to  intorprot.  Novo  rtho  loss , oortain  t roiuis  a['poar  amidst 
this  ooniusod  mass  ot  data,  whioh  rolato  to  t lio  appoaranoo  ot  additional 
ohromosoraos  1114,  l.ik,  20,  2b).  In  two  oasos,  tho  advlitional  ohromosomos 
woro  idontit  iod  as  mombors  ot  tho  0 jtroup  1.  1 Jo  ) , whioh  aooordinj;  to  ono 
roviowor,  doos  not  oonstituto  ovidonoo  ot  bonzono  otiology  t,  1 J ,' ) . 

Tho  0 jtroup  anomaly  or  trisomy  has  boon  found  in  "pro- loukomia" 
t panoy topon  i 0 ) pationts  tlltD-  Iho  porsistonoo  of  abnormal  ohromosoraos 
1 ony,  at  tor  oxposuro,  and  tho  ooourronoo  of  totraploidy  and  polvploidy 
havo  also  boon  roportod  t2  1,  2^* , 2.b,  IJb). 

Howovor,  tho  ohromosomal  aborrations  produood  by  bonitono  appoar  to  bo 
non-spooifio  and  unrolatod  to  aborrations  assoo  iatod  witii  various  torms 
of  loukomia.  Tho  doso-dopondonf  rolationship  botwoon  oxposuro  to  bonzom' 
and  aiiv'unt  of  ohromosoraa  1 damago  has  not  boon  doiixins  t ra  tt'd . 

1 0 . I'ho  Mo  1 ocular  S i o_ f Bonz om'__ Vox  ic  i t y 

IINA  Synthos  is . DNi\  inhibition  was  obsorvod  in  rat  bono  marrow  iji 
v i VO  to  I lowing  chronic  boni'.ono  inhalation  i78).  Tho  number  of  nucloatod 
colls  doclinod  and  uptake  vif  radiolabeled  thymidine  fa  precursor  of  DN.X'' 
was  decreased.  These  changes  in  PNA  synthesis  suggest  that  the  mutagenic 
action  of  benzene  could  involve  interference  with  mitosis. 
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1 1 . Effect  on  Pregnancy  (Human) 


Male-female  differences  in  susceptibility  to  benzene  have  been 
observed  in  humans  by  a number  of  investigators.  The  greater  sensitivity 
of  females  is  compatible  with  the  hormonal  influence  on  benzene  toxicity 
(80,  81)  and  is  supported  by  animal  studies  (see  Section  II,  1).  Of 
possible  pertinence  are  reports  of  benzene  hemotoxicity  during  pregnancy 
(139).  In  this  study  two  sisters  who  were  chronically  exposed  to  benzene 
during  pregnancy  developed  pancytopenia  and  hypoplastic  bone  marrow.  One 
recovered  rapidly  post-partum,  the  other  had  a spontaneous  abortion  and 
later  died  of  acute  leukemia  during  a subsequent  pregnancy.  Idiopathic 
aplastic  anemia  of  pregnancy  is  a recognized  condition  but  is  very  rare. 
Forni  et  al.  (140)  reported  benzene-induced  hemotoxicity  in  females 
exposed  to  benzene  during  pregnancy;  normal  babies  were  delivered. 

12.  Metabolism  (Human) 


The  metabolism  and  elimination  of  benzene  in  humans  follow  the  same 
paths  as  in  animals;  however,  the  distribution  of  benzene  in  humans  has 
not  been  thoroughly  investigated.  The  major  difference  between  man  and 
animals  is  related  to  the  conjugation  of  the  final  metabolites.  Humans 
and  dogs  show  preference  for  sulfate  formation,  especially  at  low  levels 
of  exposure.  Glucuronide  formation  is  observd  only  when  the  sulfonation 
route  is  heavily  used. 

Studies  on  human  volunteers  exposed  to  benzene  vapors  (47-110  ppm  for 
2 hrs)  showed  that  30-50%  of  the  absorbed  benzene  was  eliminated  through 
the  lungs  and  only  0. 1-0.2%  through  the  kidneys.  The  remaining  dose  was 
metabolized.  The  rate  of  benzene  elimination  was  highest  during  the 
first  hour.  In  another  investigation,  28-34%  of  the  given  dose  (6000 
ppm)  was  retained  and  absorbed  in  the  blood.  Approximate!  55-60%  of  the 
benzene  in  the  blood  became  fixed  within  the  bone  marrow,  fatty  tissues, 
and  the  liver  (141). 
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l.inikoiiK>^t'n  i i' . l.fiikt'mia  is  known  to  i>oi'nf  spoilt  anoons  ly  in  soiiH' 
strains  ii  t iiiiot'  ami  ran  ho  r imon  t .i  1 1 y imlnoml  hy  a variots’  ot 

ohomioals  in  i>tliors. 

l.i>;nao  tl-tJ)  proilnoml  U-nkomia  ( 1 yiiiphoh  I as  t iim.i  ^ in  miv»‘  hy  so 
1 n i I'o  t i ons  vi  I hono.ono  tl).t)t)l  ml  hon/.t-iu'  in  t) . I ml  olivo  <i  i 1 ) lor  1/-21 
wooks.  llowi'vor,  tho  tailuro  tii  proviso  oonlrol  hat  a ami  tho  hiai;nosI  io 
oritoria  nsi'h  to  ovalnato  tho  oxporimonts  loavo  this  ri-port  opon  to 
ipiostivin.  Amiol's  tl'ii)  attompt  to  ilnplioati'  l.iy.nao's  rosnits  in  a 
hittoront  monso  strain  was  mU  snooosslnl,  aiul  tho  animals  troatoh 
snhon  t anoon  s 1 y throny.hont  thoir  lili-tinu'  tailoh  ti'  ilovo  Uip  i-ithor 
aplastio  anomia  or  lonkomia.  Wanl  ot  al.  il-'**)  tri'atoil  I'h/hl./tiN  mioo  lor 
‘'•t  wi'i’ks  ami  tlu’y  woro  saoritiooil  lOa  wooks  I rom  tho  in  it  iat  ion  I'l  tho 

0 xpi-r  inu'nt  , inoroasiny.  tho  ilosagi-  sohoilnlo  1 rom  -iSO  mj;/ky,  to  118  y./hK 
ovor  tin'  I'xpor  iiiu'nt  a 1 porioil.  ;\lthonj;h  honzono  was  tatal  to  soiiu' 
animals,  Ilioio  was  no  slat  istioallv  s i i;n  i I i '■'ant  inoroasi-  in  tin-  inoihomo 
v't  nooplast  io  ilis,'aso  in  tlu'  troati'il  ovt-r  tho  oi'iitriil  j'.ia’nps. 

Attompts  hy  ot  In-r  i nvost  i y.at  ors  to  pinulnoo  lonkomia  via  v'la  1 hosin;.’, 
tlt'O,  skin  paint  inj’,  with  hon/.om'  O-^h),  ami  inhalation  t.1-*'’.  It/)  I a i 1 otl 
to  p rotimo  ooiK' In  s i v't'  c'viilt'iiot'  ot  It'iiUoiiiia  in  rats,  mioo,  rahhils,  ami 
y.ninoa  pigs. 

In  oiint  rast  , with  rospoot  tv'  honm'no-assi'v'  i at  v'vl  It'nki'mia  in  hnmans, 
I'vivlonoo  t ri’m  imlnstriv's  that  nsv'  ht'm’.i'iu'  hoav  i Iv  imlioalv’s  a ,1  i t vo  I 
ii' lat  i onsh  i p hotwoi'ii  hi'n/a'iio  v'X|'visnri'  ami  tho  vli'Vi' li'pmont  i' I lonki'iiiia. 

In  v'Vt'ry  instanoi',  lonkomia  was  assooiati'il  with  a sovon'  I'anoy  t I'pon  i v- 
I'l'mlit  i vin  (1-48).  llowovv'r,  tin'  t ao  t that  in  si'iiu'  instanov's  tln'ii'  is  a 

1 v'ng  vl«' lav  hv'twv'on  tin'  Oi'ssatii'ii  v't  I'xpvisnri'  to  ht'm’.i'm'  ami  tin'  v'lisv't  ot 
lonki'iiiia  Cl-'ih,  ISO,  isl)  raisi's  tin'  iiin'stii'iis  I't  wln'tln'r  ht'n/.i'no  I'l  its 
toxio  iiiv' t aim  1 i t os  vlirv'otlv  ao  t as  o aro  i m’gv'iis  iin  hoiu'  marii'w 

hi'm.'it  iipi' i I't  i o oi'lls,  iir  is  aonti'  Iv'iiki'mia  a si'Oiimlary  man  i t ost  at  i I'li  vi  I 
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l><M»/.oiu’ - I luliu'i'ii  pam'y  t I'luMi  i .1 , ixpi  I'ssi-il  tiuif  I ;il  <‘il  al'fi  i .1 1 i i>iis  in 

t lu’  I’l'iu'  ma f rnw-p  rndiK' 1 up,  sli'in  ci’ 1 1 s t liat  ari’  snsi  i'p t i h 1 1-  1 imi I ap.i'ii  1 1' 
I'liaiipf  ^ pri' U'lik  I'liii  1.'  stall’).  Morplu' 1 np  i c alinoi  ma  I i t 1 ns  nt  llu-  pri’ li’iiki-mi 
stall'  i lU"  Uuli'  liizaiTi’  KIK;  ]>  n'liusors  U'ly  t Ini' 1 1'uki'mi  c slati’).  It  is 
pi'ssil'li'  that  1 1'uk  I'liK'p.i'n  i i-  n t 1 00  t s I't  I'l'ii/.i’iii’  aii’  I’xpri’ssi’il  tliri'iipli 
i nt  I'lai.' t i I'll  with  ot  Iut  lactors  t,  p.i’iii’ t i i- , i-iiv  i ri'iimi'iit  a 1 . I'ti-)  |1»H). 
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hon.’,  1 
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t i till  i ni’.s  is  iiin’st  i onal' li'  situ’i’  t hi’v  li  i li  lU't  iisi’  aili'miati’  I’l'iitii'ls. 

rill'  pi'ssil'li'  roll'  i' 1 aii’iii'  I'xiiii’s  in  raii'  i m'p.t'ni' s i s is  li  1 si'iissi'J 
iinili'f  ai’iiti’  ti'xii'ity  (,  p . I I).  lli'wi'V'i’t  , it  iiiiisl  hi'  t’liiphas  i.:i'ii  that 
althi'iii’.h  it  is  possihU'  that  ari'iu’  I'xiih’s  aii'  tlii’  h in.’.i' t i vat  I'll 
i n t I’liiii'il  i a 1 1'  n-sp  ons  i h 1 n tor  t ho  ov  t ot  ox  i o i t v ami  oaro  i iioj’.oi' ■ '"  > t v of 
hon/.i'iii’,  tho  posssibilitv  that  othor  iiu-t  ahi' 1 i t o s ooiiKI  play  an  aolivo 
roll'  o.iiinol  I'o  ii’.nori’il. 

V.  .S  U:N  1 K 1 t,:AN  r I’llVSUlAl,  ANO  tlllKMlCAl,  I’Ktn’KKl  lKS 

hi’ni’-i’iii'  is  a v'loar,  oolorloss,  nonoorros  i vo , liiphlv  1 1 aiiiiiiah  1 1'  liipiiil 
with  a stronp.,  rathor  ploasant  oilor.  Its  phvsioal  proportios  ai  o p.ivon 
in  Tahli’  1.  I'oilav , it  is  ohtaini'il  pr  imar  i Iv  t rom  tho  potrolotim  iiuiiistrv 

whoro  it  is  proiliiooil  as  a pot  roohomi  oa  1 1 rom  parallinio  hy  ilrooai  hons . I 
is  also  rooovoroil  1 rom  tho  p’,asos  aiul  ooal  tar  in  ooko  ovon  oporatioiis. 
riio  Ilia  jo  r inipiirit  i os  in  ooniiioro  i a 1 hon/.ono  (hoiu'.ol)  aro  toliiono  aiul 
xvlono,  a 1 1 hoiipji  tho  oommoro  i a I 1 orm  mav  also  ho  ooni  ami  na  t oil  with 
phono  1 , thiophoiii’,  oarhon  il  isn  I I i ilo  , aootvl  nitrilo,  I'vriilino,  aiul  othoi 
siih  St  anoos . "honi'.ol  'll!"  oontains  t rom  8t)-8''»  hoiu'.ono.  li-l''*  tolnono. 
anil  xylono.  Tho  "hil"  ilos  i p,nat  i on  rolors  to  tho  poroont  ot  lol.il 

I i 1)11  ill,  hv  voliimo,  wli  ioh  ilistills  ho  low  lOl)'  it. 


riu'  solubility  ol  benzt'no  in  animal  (rabbit)  tissnos,  exprossoii  as 
partition  cix' 1 tic  i ont  s ( luimor  i ca  1 ly  »'(jnal  to  OstwaUi  solubility 
coo  1 1 i c iont  s ) was  ilotorminoil  by  Sato  ot  al.  (Ib3).  Table  2 slii>ws  tlu' 
results  ot  these  experiments,  wti  icb  were  conclncteil  at  37^'  (1.  The 
authors  noteil  the  relatively  hijth  partition  coot  tic  ient  between  tat-blooil 
anil  sujtjtested  that  the  coelticient  between  t i ssnes-b  I ooil  won  K1  iiei)enit,  at 
least  in  part,  upon  the  tat  content  in  the  civen  tissue. 


S ign  i I'icaiil  I’hysical  I’ropert  ios  of  Bonzono 

Kornui  la 
CO  lit) 

Formula  Weight 
78.1 

Boil  lag  I’oint 

80.  l"’  C ll7o'’  K)  at  7b0  mn  llg 
Molting  I’oint 
5.5"  C (42^’  F) 

Specific  Cray  it  y 

0.8780S  g/nil  at  2o"  C fb8''  F)  4*'  C 134.2"'  F) 

So  I ub  i 1 i t y 

O.Ob'Z  in  water,  mixe.-?  freely  wilti  alcoliol,  ether  aiui  most  organic 
sv->  Ivents . 

explosive  Range  for  Vapor 
1.4  - 7.1%  by  volvime  in  air 
Flash  I’oint 

-12  to  -lO"’  t;  1 10.4-14"'  F) 

Ign  i t i on  Temperat  ii  re 
490"'  C f9l4"'  F) 

Vapor  Density 
2.7  lAir  = l.O) 

Derived  from  references  1 ‘34  ami  15“). 
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I’artitii'ii  Civ  t t i >.•  i ciU  s v't  litMi/ I'uf  1 i>i  Kinlv  Khiivls, 
rissiu'  Uomo>;i'iial  f s ai\il  I'lnaiiu-  Mati-rials 
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agglutinins 

agglutinins  and 

in 

(86-89). 

opsonins  (118-121). 

re 

th 


1 


sene  Toxic i 

- Matrix 

itment 
ts , 

Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 

o 

Leucopenia : 

ose 

Appearance  dose  and 

ited 

sex  related  (75, 

84,  103,110). 

00 

o 

Neutropenia  (103). 

ieeding 

o 

Platelets; 

t time 

Decreased  number. 

1 

abnormal  function 

1 

(111-115). 

I 

o 

Purpura  (111,  113). 

Fred  Let ive 
Endpoints 


Tests 

Recommended 


Significant 
decrease  in 
Leucocytes 
(Non-Specific) 


1.  Complete  CBC 
(RBC,  WC  HG,  Hct 
Differential 
Platelets) 

2.  Red  cell  survival 

3.  Clotting  and 
bleeding  times 


o 

Aplasia:  Decreased 

Significant 

1. 

In  Vitro 

RBC,  WBC, 

Reduction  in 

cytotoxicity 

enia. 

granulocytes , 

Precursor 

2. 

Bone  marrow 

thrombocytes , 

Cells-Hemic 

different ial 

Is 

lymphocytes  (85,  89, 

cell  renewal 

(turn  over  and 

loid 

103,116). 

system 

cycle  rates) 

ion 

o 

Anemia  (117). 

o 

Fibrosis  (human). 

f 

c 

o 

Hyperplasia:  focal 

regeneration  of 

Ced 

lymphocytes , 
granulocytes  and 

RBC  (103). 

rum 

o 

Decreased  serum 

( Subchron ic ) 

1 . 

Serum  complement 

complement  activity 

decreased  serum 

depression  test 

Inst 

against  infection 

complement  - 

2. 

Depressed 

19). 

(118-121). 

correlation 

synthesis  tests 

o 

Decrease  in 

with  increase 

(globulins  and 

agglutinins  and 

in 

interferon)  - 

opsonins  (118-121). 

ret iculoendo- 
the 1 ial  cells 

elect  rophores  i s 

* V 


System 

or 

Effect 

Acute  Treatment 
(including  in 
vitro  tests) 

Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 

Chronic  Treatment 
(long  term  test,  up  to 

2 years  or  lifetime) 

Pii 

En 

! 7.  Biochemical  and 

o Brain. 

o Brain. 

o Brain. 

1. 

Histochemical 

Elevated 

Elevated 

Elevated 

. Effects 

glutamic 

aminolevulinic 

aminolevulinic 

decarboxylase 
activity  (16). 

synthetase 
activity  (90). 

synthetase  (90). 

2. 

3 


ne  Toxicity  - Matrix  (Cont'd) 


eatment 

ists, 

) 

Chronic  Treatment 
(long  term  test,  up  to 

2 years  or  lifetime) 

Predictive 

Endpoints 

Tests 

Recommended 

0 Brain. 

1. 

Enzyme 

1. 

RNA-ASE  Test 

Elevated 

changes 

inic 

aminolevulinic 

synthetase  (90). 

2. 

Reduced 

2. 

Histology 

»0). 

protein 

(liver,  kidney. 

synthesis 

P450  Changes 

spinal  cord) 

I- 

0 Spinal  Cord. 

n 

[ 

Elevated 

3. 

A1  tered 

3. 

Liver  and  kidney 

Lnic 

aminolevulinic  acid 

liver  and 

function  test 

(90). 

synthetase  (90). 

kidney 

functions 

4. 

P450  changes 

4. 

Cholinesterase 

test 


Idolase 
'tic  and 
no- 
1 (79) 

latalase 
ine  (93) 
4) 


o Serum. 

Elevated  lactic 
dehydrogenase  in 
humans  exposed  to 
benzene  in 
occupational 
settings  (133, 
134). 


(94)  and 

ase 

ty. 


^). 


Depressed  RNA 
synthesis  (94). 


3 


System 

or 

Effect 

Acute  Treatment 
(including  in 
vitro  tests) 

Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 

Chronic  Treatment 
(long  term  test,  up  to 

2 years  or  lifetime) 

Pr( 

Etu 

1 4.  Central 

0 

Stimulation 

0 No  adverse  effects 

o 

No  adverse  Nervous 

Not 

1 System  (CNS) 

followed  by 

noted  under 

effects  noted  under 

depression 

exper imental 

experimental 

(10,  11). 

conditions  (75). 

conditions  (75,122) 

i 

0 

Paralysis , 

but  in  humans  from 

petechial 

occupational 

bleeding 

setting,  changes 

i 

(12,  13). 

were  observed  in 

cerebral  circulation 

1 

(123)  and  electro- 

1 

encephalographs 

1 

(124). 

j 

1 

1 5.  Behavior 

0 

See  CNS  effects 

o None  reported. 

o 

None  reported. 

j Effects 

1 

1 

1 

1 

1 6.  Cardiovascular 

0 

Ventricular 

0 No  adverse  effects 

0 

No  adverse  effects 

No( 

‘i  Effects 

fibrillation 

reported  under 

reported  under 

(14). 

experimental 

experimental 

1 

o 

Hemorrhagic 

conditions  (75). 

conditions  (75)  but 

i\ 

pericardium  (2). 

in  humans  benzene 

\\ 

exposure  caused 

1 

increased  cardiac 
output  combined 
with  a drop  in 
peripheral 

resistance  and  a de- 
cline in  arterial 
pressure.  Death 
often  occurred  due 
to  heart  failure 
(125-127). 


1 


>zene  Toxicity  - Matrix  (Cont'd) 


Treatment  Chronic  Treatment  Predictive 

I tests,  (long  term  test,  up  to  Endpoints 

lys)  2 years  or  lifetime) 


rse  effects 
ider 
‘ntal 
)ns  (75). 


)orted . 


Tests 

Recommended 


No  adverse  Nervous  None 

effects  noted  under 

experimental 

conditions  (75,122) 

but  in  humans  from 

occupat ional 

setting,  changes 

were  observed  in 

cerebral  circulation 

(123)  and  electro- 
encephalographs 

(124) . 


o None  reported.  None 


None 


1.  Activity-wheel 
running  test 
(related  to 
blood  picture) 


rse  effects 
I under 
mtal 
>ns  (75). 


No  adverse  effects 
reported  under 
experimental 
conditions  (75)  but 
in  humans  benzene 
exposure  caused 
increased  cardiac 
output  combined 
with  a drop  in 
peripheral 

resistance  and  a de- 
cline in  arterial 
pressure.  Death 
often  occurred  due 
to  heart  failure 
(125-127). 


None 


None 


1 


Benzene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  iji 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment  Predictive 

(long  term  test,  up  to  Endpoints 

2 years  or  lifetime) 


Biochemical  and 

0 Kidney.  o 

Kidney. 

o Kidney.  None 

Histochemical 

Elevated 

Depressed  succinic 

reported . 

Effects 

succinic  dehydro- 

and lactic 

(Cont . ) 

genase,  NADH^- 

dehydrogenase , 

diaphorase , 

glucose -6-phosphate 

ca-formol-ATPase , 

dehydrogenase 

alkaline  and 

(95-97). 

acid  phosphatase 
ac t ivity  ( 17) . 

0 Liver.  o 

Liver.  Same  as  in 

0 Liver.  None 

Elevated  aryl-4- 
hydroxylase , 
UDP-glucuronyl 
transferase 
activity  (73), 
cytochrome  P-450 
(63),  aminopyrine 
dimelthylase 
(63). 

Depressed 

succinic  and  lactic 
dehydrogenase , 
glucose-6- 
phosphate 
dehydrogenase  and 

NADH  tetrazole 

acute  studies. 

reported . 

reductase 

(95-97). 

4 


Benzene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  iji 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment 

(short  term  tests,  (long  term  test,  up  to 

up  to  90  days)  2 years  or  lifetime) 


Predict' 

Endpoints 


Body  Weight, 

Organs 

and  Tissues 


o Body  weight.  o 

No  adverse  effect 
reported  (13). 
o Skin.  Hemorrhage  o 
(2,  13). 

o Fatty  tissue  - o 
destruc  tion 
(13). 

o Lung  and  pleurae,  o 
hemorrhage  (2). 


o Spleen,  increased  o 
proliferation 
of  reticulo- 
endothelial 
cells  (18). 


o Lymph  nodes,  o 

decreased 
thrombocytes 
and  increased 
macrophage  (18). 

o Kidney.  None  o 

reported. 

o Liver.  None  o 

reported . 


Body  weight  increased 
(75,  82,  100). 

Skin.  Erythema, 
b 1 ister ing, 
hemorrhage  (2). 

Fatty  tissue 
bioaccumulation 
(2). 

Lung  - changes 
resembled  those 
seen  in  chronic 
bronchopneumonia 
(75). 

Spleen,  decreased 
myeloid  parenchyma 
and  increased 
lymphoid  tissue 
(101);  hemosiderosis 
(75). 

Lymph  nodes.  No 
adverse  effect 
reported  (75). 


Kidney,  mild 
nephritis,  convoluted 
tubular  abnormalities 
(102). 

Liver,  fatty 
infiltration , 
hepatitis,  necrosis 
(75),  functional 
changes  (104). 


o Body  weight 
increased  (75, 
82,100). 

o Skin . Erythema, 
blistering,  dry 
scaly  dermatitis 
(2,  126). 
o Fatty  tissue 
bioaccumulation 
(2). 

o Lung  same  as  in 
subchronic . 


o Spleen,  marked 
ret iculoplasmo- 
cytic  reaction 
(105),  degenera- 
tive changes  (76), 
hyperemia  and 
hemosiderosis  (75). 
o Lymph  nodes.  No 
adverse  effect 
reported  (75). 


o Kidney . No  adverse 
effect 

reported  (75). 

o Liver . Same  as  in 
subchronic . 


/ 


5 


tene  Toxic i tv  - Matrix  (Cont'd) 


Treatment 
tests , 
fa) 

Chronic  Treatment 
(long  term  test,  up  to 

2 years  or  lifetime) 

Predict ive 
Endpoints 

Tests 

Recommended 

ght  increased 

o 

Body  weight 

1. 

Endocrine 

1. 

Hematological 

100). 

increased  (75, 

changes 

and  histological 

82,100). 

tests 

tythema, 

o 

Skin.  Erythema, 

og. 

blistering,  dry 

2. 

Spleen 

2. 

Electron 

He  (2). 

scaly  dermatitis 

increased 

microscope 

(2,  126). 

R.E.C.  - 

for  RER 

asue 

o 

Fatty  tissue 

corre lat ion 

k)lat  ion 

b ioaccumulat ion 

with 

1 

(2). 

immunologic 

Ranges 

o 

Lung  same  as  in 

effects 

^ those 

subchronic . 

iChronic 

3. 

Rough 

3. 

Decreased 

(neumonia 

endoplasmic 

protein 

' 

reticulum 

synthesis  test 

[decreased 

o 

Spleen,  marked 

(RER) 

jparenchyma 

ret  iculoplasmo- 

faased 

cytic  reaction 

4. 

( Subchronic ) 

4. 

90-Day 

1 tissue 

(105),  degenera- 

Liver -fatty 

percutaneous 

Kwos ideros is 

tive  changes  (76), 

infiltration 

toxicity  test 

hyperemia  and 

hexane  or  acetone 

hemosiderosis  (75). 

controls 

ides . No 

o 

Lymph  nodes.  No 

ef fee  t 

adverse  effect 

5. 

Hemorrhagic 

1 (75). 

reported  (75). 

dermat i t is 

'■ild 

o 

Kidney.  No  adverse 

,8,  convoluted 

effect 

abnormalities 

reported  (75). 

'atty 

o 

Liver.  Same  as  in 

ition , 

subchronic . 

,8«  necrosis 

Inctional 

[(lOAK 


r 


f 


Benzene  Toxicity  - Matrix  ( Cont  ' ci ) 


System 

or 

Effect 

Acute  Treatment 
(including  in 
vitro  tests) 

Subcbronic  Treatment 
(short  term  tests, 
up  to  90  days) 

Chronic  Treatmcuit 
(long  term  test,  up  to 

2 years  or  lifetime) 

Pred^ 

Endpo^ 

s) 

9.  Cytologic  and 

o Chromosomal 

o Chromosomal 

o Chromosomal 

Chroi%^ 

Cy togenet ic 

aberrat i ons 

aberrations  (30, 

aberrat i ons  (132, 

Effects 

(26-30), 

106). 

133). 

10. 


11. 


Molecul ar 

o 

DNA  synthesis, 

o DNA  synthesis 

o DNA  synthesis 

Effects 

inhibited  (8, 

inhibited  (8, 

107). 

inhibited  (80) 

26,  27). 

RNA  and  protein 

o RNA  synthesis 

synthesis , 
inhibited  (31 , 

inhibited  (8, 

107) . 

32). 

o 

Heme  synthesis, 
inhibited 

(5,  33-36). 

o 

Aplastic  anemia 
(37-45). 

o 

Cyc 1 ic-AMP 
unchanged  (46). 

Embryonic  and 

o Embryonic  death 

o High  embrvotox i c i t V 

o None  reported 

Teratogenic 

(46)'. 

(90). 

under  expe  r imi'iit  a 1 

Effects 

o Fetal 

o howered  organ /body 

conditions  but  in 

ah norma  1 i ties 

weight  ratio  (90). 

humans  absence  of 

(46). 

pregnancy  was 

observed  f o 1 1 ow i ng 
exposure  to  benzene 
(19,60,  138,  13‘>). 


DNA,aig 

Prot^ 

syntht 

inhil^ 

1 


>•  ^ 


2. 


«1 


a. 


I 


7 


le  Toxicitv 


Mtmpnt 
ssts , 

) 


I 

I (30, 


■is 

fsT  107). 
■is 

?87  107). 


btoxicity 

gan/body 
lo  (90). 


. ^ 

I 

I 

I 

1 

- Matrix  (Cont'd) 


Chronic  Treatment  Predictive 

(long  term  test,  up  to  Endpoints 

2 years  or  lifetime) 


Tests 

Recommended 


Chromosomal 

Chromosomal 

1.  Sister  chromatid 

aberrations  (132, 

aberrat ions 

exchange 

133). 

2.  Chromosome  breaks 

and  exchanges 

DNA  synthesis 

DNA,  RNA, 

1.  Thymidine  - 

inhibited  (80). 

Protein 

Uridine  uptake 

synthesis 

tests  (in  vitro) 

inhibited 

(EPA  Screening 

level  tests) 

None  reported 

1.  Embryonic 

1.  Embryotoxic i ty 

under  experimental 
conditions  but  in 

Death 

screening  tests 

humans  absence  of 

2.  Fetal 

2.  One  generation 

pregnancy  was 

abnor- 

mouse test 

observed  following 
exposure  to  benzene 

malities 

(59,60,  138,  139). 


) 
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Benzene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


Metabolism 

o Excretion 

0 Metabolism  as 

products  are 

described  under 

primarily  phenol 
and  small 
amounts  of 
trans-trans- 
muconic  acid 
(48-54). 

acute  studies. 

o The  metabolic 
fate  of  benzene 
can  be 

visualized  as 
the  formation  of 
an  intermediate, 
arene  oxide , 
followed  by  a 
rearrangement 
to  the  less 
chemically 
active  phenol, 
the  interaction 
of  the  oxide 
with  cellular 
nucleophiles  or 
the  enzymatic 
conversion  to 
either 

dihydrodiol  or 
a mercapturic 
acid  (55-60). 


o Metabolism  in  humans 
essentially  same  as 
in  experimental 
animals  (see  acute 
studies)  except 
sulphonation  is  the 
predominant  form 
of  conjugation  at 
low  concentrations 
of  benzene  and 
glucuronide  at  high 
doses  of  benzene, 
o Highest 

concentrations  of 
benzene  found  in 
blood,  bone  marrow, 
fatty  tissue  and 
liver  ( 141  ) . 


/ 
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Fred: 

Endpi 


Aren< 

Form 


.A 


t 

i 

( 


izene  Toxicity 


Matrix  (Cont'd) 


Treatment  Chronic  Treatment  Predictive 

■ tests,  (long  term  test,  up  to  Endpoints 

lys)  2 years  or  lifetime) 


Tests 

Recommended 


lism  as 
Md  under 
Rudies . 


Metabolism  in  humans 
essentially  same  as 
in  experimental 
animals  (see  acute 
studies)  except 
sulphonation  is  the 
predominant  form 
of  conjugation  at 
low  concentrations 
of  benzene  and 
glucuronide  at  high 
doses  of  benzene. 
Highest 

concentrations  of 
benzene  found  in 
blood,  bone  marrow, 
fatty  tissue  and 
liver  (141). 


Arene  Oxide 
Formation 


1.  Pharmacokinetic 
studies 
(absorption, 
distribution, 
excret ion , 
body-burden) 

2.  Induction  of 
P450  and  RER 

3.  Extent  of 
Co-Valent 
binding 

( 1 iver/kidney )- 

labelled 

compounds 


- :k 


Benzene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


12.  Metabolism 
(Cont . ) 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment  P 
(long  term  test,  up  to  E 
2 years  or  lifetime) 


o Enzyme  induction 
(63-69). 

o Proliferation  of 
smooth  endo- 
plasmicr  eticulum 
(66). 

o Suggested 
mechanism  of 
benzene  toxicity 
through 

metabolites  which 
interfere  with 
mitosis  and 
cellular 
maturation  and 
inhibit  DNA  and 
RNA  synthesis 
(71-74). 


Benzene  Toxicity  - Matrix  (Cont'd) 


thronic  Treatment 
»rt  term  tests, 
to  90  days) 

Chronic  Treatment 
(long  term  test,  up  to 

2 years  or  lifetime) 

Predictive 

Endpoints 

Tests 

Recommended 

lone  reported. 

o Experimental  data 

None 

1. 

Sister  chromatin 

reported  to  show 

exchange 

that  benzene 

2. 

Leucocyte- 

produces  leukemia 

chromosome  damage 

■ 

in  animals  were  in- 

test (Brewer  and 

clusive  (142-147). 

Evans ) 

o In  humans  benzene  is 

considered  as  a 

1 

suspect  leukemogen 

(148). 

o Experimental  data  to 
show  that  benzene 
produced  sarcomas 
were  inconclusive 
(152). 

o It  was  proposed  that 
arene  oxides  are  the 
bioactivated 
intermediates 
responsible  for  the 
cytotoxic  and 
carcinogenic  effect 
of  benzene.  However, 
the  possibility  that 
metabolites  other 
than  arene  oxides  are 
active  agents  in 
carcinogenesis  cannot 
be  ruled  out  (55-60). 


o 

y 
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Acute  Treatment 
(including  in 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


Benzene  Toxicity  - Matrix  (Cont'd) 


kronic  Treatment 

Chronic  Treatment 

Predictive 

Tests 

ft  term  tests, 

(long  term  test,  up  to 

Endpoints 

Recommended 

i 90  days) 

2 years  or  lifetime) 

None 

1.  Chemical 

structure 
relationship 
to  known 
carcinogens 
examined  should 
be 

2.  Identify 
volume-use 
characteristics 
of  compound 


pntified. 


11 
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Tracer  Jitco 


EXPERIMENTAL  CADMIUM  INTOXICATION 


Backup  Report  to  Cadmium  Toxicity  Matrix 


I 


! 


I 


i 


3 


I 


s 

j 

i 


im'RODUCTION 

ACUTE  TOXICITY  (,  Inc  lud  iiig  In  Vitro  Studies) 

1 . UematoloRic  Effects 

Herao lysis 

2 . Bone  Marrow  Changes 

3 . Immunologic  Response 

4.  Central  Nervous  System  iCNS)  Effects 

Cerebrum  and  Cerebellum 
Spinal  Ganglia 

5 . Behavioral  Effects 

b . Cardiovascular  Effects 
Hypertens ion 

7 . Biochemical  and  Histochemica 1 Changes 
Me  ta  1 1 oth  i one  i n 

Mitochondria  - Liver,  Pulmonary  Alveolar  Macrophages 
Glucogenes  is 
Other  Effects 
Co  Hagen 

Serum  Albumin  and  Globulin 

6 . Effects  on  Tissues  and  Organs 

Kidney 

Lung 

Pane  reas 
Mac  rophages 
Gonads 

9 . Cytologic  and  Cytogenetic  Effects 

Dominant  Lethal  Mutations 
Chromosome  Rear rangoment s 


Llon.'ids 

'I'os  tos 
Ovaries 
Beliav  i or 

Tora logo nos  is 

Koprodiic t i VO  Per f ormanoo 

Cadmium  Metabolism 


Absorp t i on 
Skin 

Respiratory  Traot 
Cas t rointes t ina 1 Trae  t 

Transport 

Intravenous  Route 
I nt raper i tonea 1 Route 
Subcutaneous  Route 

Tissue  Distribution  and  Retention 

Ora  1 Intake 
Liver 
Ki dneys 

Injection  Route 
Liver 
Ki  dneys 

Placenta  1 Transfer 

Experimental  Animals 
Human  Beings 


Excret i on 

Urinary  Excretion 

Excretion  Via  the  Alimentary  Tract 
Ha  i r 
Milk 
Sa I i va 

Biological  Half-Time 


Care inocenes  is 


SUBCHKONIC  TOXlCll'Y  ^Short-t;erm  tests,  less  than  90  days) 


1 . HematoloRic  Kft'ects 

Anemia 

2 . Bone  Marrow  Chanaes 

3 . InimunoloRic  Response 

4.  Central  Nervous  System  Effects 

5 . Behavioral  Effects 

t>.  Cardiovascular  Effects 

Rabb it  s 
Rats 

7 . Biochemical  and  HistocUemical  Changes 

Liver  and  Kidney  Enzymes 
Cyclic  AMP 
Mitochondria 
Co  1 1 agen 

8 . Effects  on  Tissues  and  Organs 

Adrena Is 
Pane  reas 
Liver 
Bone 

9 . Cytologic  and  Cytogenetic  Changes 

10 . The  Molecular  Site  of  Cadmium  Toxicity 

1 1 . Reproductive  and  Teratogenic  Effects 

Fetal  Deaths 
Fetal  Malformations 
Prolonged  Estrus 


12.  Cadmium  Metabolism 


Absorption:  Gastrointestinal  Tract 

Transport 

Tissue  Distribution  and  Retention 

Liver,  Kidney,  Pancreas,  Spleen 
Embryo  and  Placenta 

Excretion 

Urine 

Alimentary  Tract 
Biological  Half-Time 
13.  Carcinogenesis 


iv 


l^llRONK’  'rOXlClTY  U.otij’, -t >' rm  ti'Mls,  oi'  lili-tiiiu' 


ri'.it  nil'll t ) 


I . Ui'm.'i  I I og  i c K 1 toots 

Alio  mi  II 

lloiiio^’,  1 o^',  i 11 
K.i  y t lii  ooy  t os 
Ko I i oil  1 nov  t os  i s 
Kos  i no  (ill  i 1 s 

2.  lioiio  Mil  n ow  tUi.'iiiKos 
llyi'oi  p 1 ns  i ;i 

).  liiiiiiiiiio  1 o^i  0 Kospoiiso 

Aiililuntv  I’ri'iliio  i iiy,  IX’ 1 1 s 
IniiiiiiU'  Ki'sponso 

•'» . lU'iitrnl  Noivoiis  Systoiii  tl'NS)  Kl  toots 
l^Tol’ IVl  1 tXlllOX  t 111  1111.111  s ) 
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INTRODUCTION 


Chronic  illness  due  to  occupational  exposure  to  cadmium  was  reported 
as  early  as  1920.  Nutritional  deficiencies,  associated  with  World  War 
ll,  may  have  contributed  to  bone  disease  (osteomalacia)  in  cadmium 
workers  in  France.  Cadmium  is  also  believed  to  be  involved  in  Itai-ltai 
disease  in  Japan. 

The  definitions  of  "cadmium,"  "action  level,"  and  "occupational 
exposure  to  cadmium"  used  in  tl>  is  report  are  those  establislied  by  the 
National  Institute  for  Occupational  Safety  and  Health.  "Cadmium"  refers 
to  elemental  cadmium  and  all  cadmium  compounds.  An  "action  level"  is 
halt  the  time-weighted  average  concentration  environmental  limit  of 
cadmium.  "Occupational  exposvire  to  cadmium"  refers  to  exposure  t<.» 
cadmium  at  a concentration  greater  than  the  action  level  (1). 

Workers  should  not  be  exposed  to  cadmium  concentrations  greatt'r  than 
"40  micrograms  per  cubic  nu'ter  of  air  (40  ug  Cd/m^)  determined  as  a 
t ime-wi’ ighted  average  (T'WA)  exposure  concentration  for  up  to  a 10-hour 
workday,  40-hour  work  wi'ek,  or  at  a ceiling  concentration  greater  than 
200  ug  Cd/m^  for  any  15-minute  sampling  period"  (1). 

Cadmium  compounds  have  an  adverse  effect  on  many  organs  and  bodv 
systems.  In  experimental  animals,  damage  or  lunctional  eflects  have  been 
detected  in  the  liver,  gonails,  adrenals,  bone,  and,  probably  most 
importantly,  in  the  kidney.  The  hematopoietic,  cardiovascular,  and 
central  nervous  systems  are  also  affected.  In  addition,  birth  defects, 
abnormal  behavior,  and  possibly  cancer,  have  been  produceil  (,  1 , 2 ) . 

Cadmium  toxicity  can  be  induced  in  laboratory  animals  (rats,  mict*, 
rabbits,  guinea  pigs,  hamsters,  gerbils,  dogs,  cats,  calves,  aiul  monkeys) 
via  inhalation,  intraveneous  (iv),  i nt raper  i t onea I (ip),  and  subcutaneous 
(sc)  injections,  oral  administration  (po),  or  by  direct  contact  with  the 
skin  (1,2). 
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Acute  toxicity  studies  in  animals  have  indicated  that  cadmium  is  an 
extremely  toxic  metal.  The  inhalation  of  cadmium  oxide  fumes  in 

several  species  of  common  laboratory  animals  ranged  from 
700  mg/m^/10  min  in  tlie  mouse  to  4000  mg/m^/10  min  in  the  dog.  Oral 
LD^y  values  for  cadmium  oxide  and  cadmium  chloride  in  the  rat  of  72 
mg/kg  and  88  mg/kg,  respectively,  have  been  reported.  The  LDLo  (lowest 
published  lethal  dose)  of  cadmium  chloride  wtien  administered  to  guinea 
pigs  via  the  skin  was  233  mg/kg  (3). 

Specific  effects  of  cadmium  and  cadmium  compounds  on  tlie  various 
organs  and  body  systems  in  experimental  animals  will  be  discussed  in  ttie 
following  sections  on  (1)  Acute  Toxicity,  (II)  Subchronic  Toxicity,  am! 
(Ill)  Chronic  Toxicity  Studies.  Acute  toxicity  in  tliis  report  is  limited 
to  toxic  effects  following  administration  of  a single  dose.  Subchronic 
toxicity  refers  to  toxicity  observed  in  short-term  tests  of  less  tlian  90 
days.  Chronic  toxicity  includes  toxic  effects  occurring  in  long-term 
tests,  two-year  or  lifetime  treatment. 

INFORMATION  SOURCES 


The  information  contained  in  the  body  of  this  back-up  document 
(Experimental  Cadmium  Intoxication)  was  derived  mainly  from  such  critical 
current  reviews  as: 


o Occupational  Exposure  to  Cadmium, 

HEW  Publ,  No.  (NIOSH)  7fa-192,  National 
Institute  for  Occupational  Safety  and  Healtli, 
Cincinnati,  Ohio,  197b. 

o Cadmium  in  the  Environment,  2nd  Edition, 

Friberg,  L.,  M.  Piscator,  C.F.  Nordberg,  and 
T,  Kjellstrom,  CRC  Press,  Cleveland,  Ohio, 
1974. 

o Occupational  Diseases,  Revised  Edition, 

Key,  M.N.  (ed.)  DHEW  Publ.  No.  (NlOSlO 
77-181. 
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In  addition,  some  pertinent  research  reports,  identified  through  a Tracor 
Jitco  literature  search,  were  included. 


The  information  contained  in  the  back-up  document  is  summarized  in 
the  appended  matrix.  The  term  "None  Reported",  which  appears  in  the 
matrix,  indicates  that  no  literature  reference  related  to  that  particular 
item  was  identified. 
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ACUTE  TOXICITY  (Including  Vitro  Observations) 

1 . HematoloRic  Effects 

Information  on  acute  hematologic  effects  of  cadmium  in  experimental 
animals  is  meagre.  In  an  early  study,  a hemolytic  effect  was  noted 
following  a single  injection  of  cadmium  sulfate  (approx.  25  mg  Cd/kg) 
into  a dog  (4).  Friberg  et  al.  (2)  stated  that  dose-response 
relationships  involved  in  acute  effects  of  cadmium  on  the  hematopoietic 
system  cannot  be  established  because  of  lack  of  data  aivi  the  over- 
shadowing effects  of  lung  edema  and  the  general  toxemia. 

2 . Bone  Marrow  Changes 

No  data  reported  in  literature  surveyed  to  date. 

3 . Immunologic  Response 

No  data  in  literature  surveyed  to  date. 

4.  Central  Nervous  System  (CNS)  Effects 

Neurotoxic  effects  from  cadmium  chloride  luive  been  observed  in  rats, 
mice,  rabbits,  guinea  pigs,  and  golden  hamsters.  Hemorrhagic  damage  in 
the  cerebellum  and  cerebrum  of  young  rats  and  rabbits  was  found  following 
single  sc  doses  of  10  rag/kg  and  20  mg/kg,  respectively  (5).  Acute 
henKirrhag  ic  lesions  of  Gasserian  and  sensory  spinal  ganglia  were  detected 
in  guinea  pigs,  golden  hamsters  and  mice  after  10  mg/kg  sc  injections, 
and  in  rats  given  2 mg/animal  sc  (h).  Jai  v it  ro  exposure  of  dorsal  root 
ganglia  from  Wistar  rat  embryos  (19-21  days)  to  4 x 10  N cadmium 
chloride  from  one  day  to  three  weeks  revealed  degeneration  ot 
mitochondria  and  unmyelinated  axons,  as  well  as  glycogen  deposits  in 
neuron.il  perikarya;  the  latter  effect  was  dose-related.  The  autliors 
concluded  that  cadmium  ions  are  vlirect  pathogens  for  nerve  tissues  (7). 
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5 . Behavioral  Effects 

No  data  in  literature  surveyed  to  date. 

b.  Cardiovascular  Effects 


Schroeder  and  Buckman  (8)  found  rats  given  one  ip  injection  of 
cadmium  acetate  (1.5  mg  Cd/kg)  developed  hypertension. 

7.  Biochemical  and  Histochemica 1 Changes 

Metal lothionein 


Thionein,  a low  molecular  weight  protein  rich  in  sulfhydryl  groups 
wtiich  binds  certain  lieavy  metals  to  form  meta  1 loth ione ins , has  been  found 
in  man  and  a number  of  animal  species  and  is  believed  to  play  a role  in 
cadmium  metabolism  and  toxicology  (1). 

Webb  (9)  has  shown  that  thionein  is  induced  by  Cd  ill)  and  certain 
otlier  heavy  metals  and  tliat  eye  1 ohex  imi  de  inhibits  its  synthesis.  Tli  is 
suggests,  according  to  the  author,  tliat  induction  of  tliionein  is 
controlled  at  the  translational  level  ratlier  than  at  tlie  transcriptional 
level.  Meta  1 lotli  ione  in  can  protect  mouse  testes  from  injury  by  cadmium 
(10)  but  cadraium-th ione in,  on  the  other  hand,  was  found  to  cause  more 
damage  to  renal  tubules  than  cadmium  chloride  in  CBA  mice  via  the  venous 
or  subcutaneous  routes,  and  it  was  fatal  at  lower  doses  (.11). 
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Mitochondria  - Liver,  Pulmonary  Alveolar  MacrophaRes 

Low  levels  of  cadmium  (11)  have  been  found  to  uncouple 
phosphorylation  coupled  to  aerobic  oxidation  of  succinate  or  reduced 
d iphosphopy r idine  nucleotide.  In  rat  liver  mitocliondr ia  ^ vitro, 
uncoupling  of  phosphorylation  was  detected  with  the  oxidation  of  both 
succinate  and  citrate  at  concentrations  as  low  as  5 uM  Cd  111).  The 
uncoupling  effect  was  completely  reversed,  however,  by  the  chelating 
agent,  ethylene  diamine  tetracetic  acid  (12,13).  Phosphorylation  and 
respiration  in  mitochondria  of  pulmon.ary  alveolar  macropliages  were  also 
abolished  with  5-10  urn  Cd  (II)  (14).  The  uncoupling  mechanism  seems  to 
involve  the  binding  of  cadmium  to  ditliiol  groups  of  the  enzymes.  For 
example,  a sulfhydryl  enzyme,  succ inoxidase  was  inhibited  50%  by  7 uN 
cadmium  (15).  Metal-sensitive  sites,  other  than  SH  groups,  were  also 
found  to  be  affected  by  cadmium  in  a study  on  the  inhibition  of 
a Ipha-oxog lutarate  dehydrogenase  by  heavy  metals  (9). 

Glucogenesis 

Acute  effects  of  cadmium  (11)  on  glucose  metabolism  have  been  studied 
both  iai  vitro  and  vivo.  In  one  study,  glucogenesis  by  rat  kidney 
cortex  slices  was  found  to  be  inliibited  by  cadmium  (lb).  _ljl  vivo, 
however,  there  was  a significant  increase  in  glucose  concentrat ion  in  the 
testes  wiien  rats  were  given  0.04  nmole/kg  Cd  (11)  sc.  litis  was 
accompanied  by  a marked  decreasi  in  g lucose-b-phospiiatc  and  adenosine 
triphosphate  at  2 hours.  Glycogen  and  total  high  energy  phosphate  were 
considerably  reduced,  while  lactate  was  increased  after  4 hours.  The 
authors  stated  that  the  reduction  in  liigh  energy  metabolites  might  be 
related  to  tl>e  ischemic  or  anoxic  state  ot  the  testes  (17). 
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The  low  molecular  weight  protein,  thionein,  is  able  to  bind  both 
cadmium  and  zinc,  and  consequently,  the  two  metals  are  transported 
together  in  the  body.  Also,  cadmium  seems  to  have  the  ability  to 
exchange  with  zinc  in  zinc-dependent  enzymes  and  thus  affect  enzyme 
activity  (2).  For  example,  Ribas-Ozonas  et  al.  (18)  discovered  tiiat  Cd 
(11)  brought  about  a significant  decrease  in  the  activity  of  alkaline 
phosphatase  (a  zinc-containing  enzyme)  in  both  the  kidney  and  prostate 
gland  in  guinea  pigs.  Acid  phosphatase  and  esterase  activities  were 
una  f fee  ted . 


Col lagen 

Helgeland  (19)  determined  the  effect  of  cadmium  incubated  with  rabbit 

14 

dental  pulp  ui  vitro  on  the  incorporation  of  C-proline  into  the 

trichloroacetic  acid  (TCA)-soluble  pool,  total  protein,  collagen,  and 

high-molecular  weight  material  released  into  the  medium.  Cadmium  caused 

14 

an  increase  in  the  amount  of  C-activity  in  the  TCA-soluble  pool,  but 

further  incorporation  into  total  protein  and  collagen  was  markedly 

.14 

inhibited.  The  proportion  of  C-labeled  protein  and  hy droxypro 1 me 

recoverable  from  the  medium  also  was  markedly  reduced  by  cadmium. 

14  . 

Cadmium  reduced  the  proportion  of  protein-bound  C-activity  converted 
14 

into  C-hydroxypro line  by  about  50%  at  20  uM  and  inhibited  the 

14 

hydroxy lat ion  by  about  75%  at  80  uM.  The  proportions  of  C-labeled 

protein  and  collagen  recovered  from  the  medium  were  reduced  by  about  50% 

and  70%,  respectively,  by  20  uM  cadmium.  At  80  uM,  cadmium  reduced  the 

14  . . 

proportion  of  total  protein-bound  C-activity  of  the  medium  by  about 
„ 14 

70%  and  the  amount  of  C-hydroxyproline  by  90%. 

Serum  Albumin  and  Globulin 


Axelsson  and  Piscator  (20)  found  a reduction 
increase  in  alpha-  and  beta-globulins  in  rabbits 
0.25  mg/kg  Cd  (11)  sc. 


in  serum  albumin  and  an 
(Belgian  Giant)  given 
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8 . Effects  on  Tissues  and  Organs 


Kidney 

Cadmium  acetate,  0.03  m-mole/kg,  injected  into  rats  sc  on  the  31st 
day  of  pregnancy  caused  40%  mortality  witliin  the  first  24  hours.  In  80% 
of  the  animals,  bilateral  hemorrhagic  renal  necrosis  was  found  (21). 
Tubular  lesions  of  tlie  nephrotic  type  developed  in  rats  given  a single  sc 
injection  of  cadmium  chloride  (10  mg  Cd/kg)  (22).  Subcutaneous  doses  of 
0.02  mM/kg  cadium  chloride,  however,  did  not  cause  kidney  damage  in  this 
species  although  testicular  necrosis  occurred  (23).  Cats  exposed  to 
cadmium  oxide  fumes,  18  mg/m^  Cd  gradually  reduced  to  4 mg/m^  Cd  over 
a period  of  24  hours,  showed  a moderate  amount  of  fat  in  the  renal 
tubular  epithelium  wtien  sacrificed  at  5 to  9 days.  It  was  estimated  that 
between  b and  12  mg  of  cadmium  had  been  inhaled  by  the  animals  (24). 
Nordberg  et  al.  (11)  reported  that  cadmium-th ione in  also  was  toxic  for 
the  kidney.  In  a study  with  CBA  mice,  this  complex  was  lethal  at  lower 
doses  and  caused  more  damage  to  renal  tubules  than  cadmium  chloride  when 
the  preparations  were  administered  iv  or  sc  (11).  Meta llothionein  can 
protect  mouse  testes,  however,  from  cadmium  injury  (10). 

Lung 

Inhalation  of  cadmium  oxide  fumes  at  concentrations  greater  than  1/4 
can  cause  acute  symptoms  and  permanent  lung  damage  in  experimental 
animals.  In  rats,  inhalation  of  finely  dispersed  cadmium  oxide  or 
cadmium  chloride  aerosols  resulted  in  acute  cadmium  poisoning,  manifested 
by  an  initial  acute  pulmonary  edema  (first  24  hours),  proliferative 
interstitial  pneumonitis  (3rd  to  10th  days),  and  finally,  permanent  lung 
damage  in  the  form  of  perivascular  and  peribronchial  fibrosis  (25). 

Pancreas 


Ghafghazi  and  Mennear  (2b)  reported  that  in  response  to  glucose, 

tolbutamide,  and  potassium,  insulin  secretion  by  isolated  rat  pancreata 

-3  -4 

was  inhibited  following  perfusion  with  1x10  and  5x10  M Gd . 
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Macrophages 


Waters  et  al.  (27)  investigated  the  cytotoxic  effect  of  cadmium  in  an 
in  vitro  test  employing  rabbit  alveolar  macrophages  as  the  indicator 
system.  Cadmium  chloride  at  0.099  mM  Cd  (11)  reduced  cell  viability 
(without  cell  lysis)  to  50X  of  control  values  in  20  hours.  Specific 
activity  of  acid  phosphatase,  a lysosomal  indicator  enzyme,  was  also 
reduced  to  50%  in  20  hours  by  a concentration  of  0.205  mM  Cd  (II). 

Gonads  - See  Reproductive  and  Teratogenic  Effects. 

9 . Cytologic  and  Cytogenetic  Effects 

Gilliavod  and  Leonard  (28)  found  no  increase  in  dominant  lethal 
mutations  from  cadmium  chloride  (1.75  mg/kg)  administered  ip  to  male 
BALB/c  mice.  There  were  no  chromosomal  rearrangements  in  dividing 
spermatocytes  removed  from  animals  sacrificed  three  months  after  cadmium 
administration,  or  in  their  male  offspring. 

10.  The  Molecular  Site  of  Cadmium  Toxicitv 


RNA-Polymerase  and  Protein  Synthesis 

Hidalgo  et  al.  (29)  found  that  cadmium  inhibited  both  RNA-po lymerase 
and  protein  synthesis  in  the  liver  in  female  albino  rats  given  20  umol 
cadmium  chloride  kg/rat  ip.  RNA-po lymerase  inhibition  was  maximal  at 
1 1/2-2  hours  and  increased  continuously  thereafter.  Maximum  inhibition 
of  cytoplasmic  protein  synthesis  occurred  one  hour  after  cadmium 
injection,  then  recovered  and  increased  from  7-lo  hours.  Soon  after 
exposure,  cadmium  apparently  depresses  both  RNA  and  protein  synthesis  by 
separate  mechanisms,  since  maximum  inhibition  of  protein  synthesis 
precedes  maximal  RNA  synthesis  inliibition. 
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Nucleic  Acid  and  Protein  Synthesis 

Stoll  et  al.  (30)  studied  the  effect  of  cadmium  on  nucleic  acid  and 

protein  synthesis  in  the  liver  following  ip  administration  of  cadmium 

acetate  to  male  Sprague-Dawley-derived  rats.  The  authors  found  that 

cadmium  both  enhanced  and  inhibited  RNA  synthesis  ioi  vivo  as  well  as  in 

vitro,  depending  on  the  dose  and  time.  The  effect  appeared  to  be 

correlated  with  the  concentration  of  the  cadmium  ion  in  the  liver.  In 

isolated  hepatic  nuclei,  RNA  synthesis  was  inhibited  at  concentrations  as 
~8  2+ 

low  as  5 X 10  M Cd  . DNA  synthesis  was  decreased  in  partially 

2+ 

hepatectomized  rats  at  a level  of  0.34  or  1.70  mg  Cd  /kg  administered 

ip.  It  was  suggested  that  cadmium  may  interact  directly  with  DNA  on  the 

basis  of  its  ability  to  alter  the  melting  profile  of  calf  thymus  DNA. 

Cadmium  administration  caused  a trend  in  vivo  toward  enhancement  of  mRNA 

activity,  whereas  polyuridylic  acid-directed  amino  acid  incorporation 

into  protein  was  inhibited.  A concentration-related  decrease  in  mRNA  and 

polyuridylic  acid-directed  incorporation  was  observed  when  cadmium  was 

added  to  the  microsomal  system;  an  increased  incorporation  was  noted  only 

•”8 

at  the  lowest  cadmium  concentration  (10  M).  At  concentrations  greater 

than  10  ^M,  there  was  a decrease  in  mRNA  activity. 

1 1 . Reproductive  and  Teratogenic  Effects 

Gonads  Testes.  Complete  testicular  necrosis  occurred  in  mice  given 
1.1  mg  Cd/kg  sc.  Doses  of  0.25-0.5  mg/kg,  however,  caused  little  or  no 
damage  (10).  In  a study  involving  80  rats,  Parizek  and  Zahor  (31)  found 
severe  damage  to  all  testicular  tissue  as  early  as  24-48  hours  after  sc 
injection  of  1 ml  of  0.03  M cadmium  chloride.  Edema  and  capillary  stasis 
were  observed  2-4  hours  after  injection.  Mason  et  al.  (32)  found  a 

dose-response  relationship  in  a study  involving  testicular  damage  in  rats 

given  single  doses  of  cadmium  chloride  sc.  The  lowest  dose,  0.57  mg 

CdCl2/kg  had  no  effect;  at  0.85  mg  CdCl2/kg  damage  to  the  testes  was 
observed  in  32%  of  the  animals;  at  1.1  mg  CdCl2/kg,  the  incidence  was 
90%,  and  at  1.4  mg  CdCl2/kg,  100%  of  the  rats  were  affected.  Parizek 
(33)  noted  a decrease  in  the  weight  of  the  accessary  sex  organs,  seminal 
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il'ni.!).’!'  ti'  til*'  p.i'fnii  iia  t i-p  i t lu' t i iitn  is  pri'Sat'lv  sci'iau'arv  1 1’  t tu-  vasriilar 
• lamap.i"  laiis.'il  I'v  i'a>tininni. 

Caint>  I’t  at.  ( 'A)  li'iiinl  tliat  0.01'.’  mmt>l  I'ailniinm  I'ti  1 1'r  i ili- 
.lOm  i II  i s t <•  irtl  si'  wjis  t lie  minimal  ili'sn  ni'i'ilnil  In  pioiliu'i*  I'l'mplntn  iini'insis 

I'l  all  s<‘mn  i t iMons  tiil'iilns  t'v  (i  Oavs  in  m.itnin  malt*  C.O.  Ctiatlns  Kivi't 

miff.  Tfst  ifnlar  i*amjipt'  was  I'li'fkt'tl  f I'mp  1 1*  1 1*  1 v t'v  HAl,  (0.*'  rnmnl  'kp^  it 
I'm*  ilitliini  w.is  pivfn  (>  lu'nvs  t't'lnvt*  tin*  fat'minm  init'ftif<n.  Vasfiilar 
ilamapi*  t i'  1 hf  tfst  is  was  prfVt'iitfil  hv  fvstfiiif  ( f*  mnu’l/kp^  wlinn  tin*  t li  i n 1 
w.'s  .iilmi  n i s t f It'll  t'flfirf  nr  jittfi'  failminm  was  injt'i'tfil.  Cailminm  f'llniiili* 
.ii'm  i n i s 1 f It*  tl  tn  malt*  mift*  ip  at  1.  '‘'-7.(1  mp/kp  t'v  Kpstfin  ft  al.  ( '*'1 
ffsiiltftl  in  a vftlnffi'  liitt*  ft  prf  pn.inf  v , snppt'st  i np  Itwit  (M  (111  mav  'lavt* 
fansft!  tt'st  ifnlar  il  vs  I nnf  t i I'n  prior  1 1'  matinp.  'I'lifit*  wfit*  ni'  t'arlv  Iftal 
ilfatlis  oi'  pit*  imp  ! an  t /I  t i <>(i  It'sst'.s'  .-if  t t i J'li  f .'iS  1 f to  f.'ii'minm. 

(ivarit's.  Hisi  i'vfrv  ol  tin*  sf vf i t*  t'lti'ft  ol  failminm  on  tin*  nui  1 1* 
ponails,  stimnlatfil  i nvi'st  i pat  i I'li  ot  pi'ssit'lt*  f I I o f t s on  ovarifs.  Stinlifs 
with  rats  ami  pfrhils  havf  stu'wn  that  fil  (111  has  a stfiilirinp  fllt’ft  on 
t'  f ovarifs  ol  thfSf  spofii's. 

Kar  t't  al.  (It'l  roportfO  aftitf  fhanpos  in  t'varifs  ol  pi  t'pnht'r  t a 1 rats 
(h-8  wi'fks  oltll,  involvinp  mass  atit'sia  I't  all  It'll  if  Ifs  within  •'♦fl  ht'virs 
whi'n  failminm  fhloriilf  was  aOmi  n i s t t'lt'il  sf  in  a sinplf  tii'st*  f 1(1  mp^kp. 

Afft'rtlinp  to  t hf  iintlu'rs,  t hf  atri'sia  t'l'sfivfil  mipht  ht*  ilm*  t t' 

" i nt  t'r  fi'ri'iift*  with  pitnitarv  tafti'is".  M.tssivf  ht'mt'rrh.'ipt* , atf  t'mpan  i t*  tl 
hv  nfffosis,  was  ohsi'rvfti  in  t hf  I'varifs  ot  all  lats  pivt'n  tatiminm 
fhlt'fiilf  or  afftatf  Sf  at  a lU'sapf  I't  0 .(17-(1  .(lA  mmi'l/'kp,  in  a stmlv 
ft'minfifti  hv  I’ai  i r.i'k  I’t  al.  ( '71.  'I'hf  animals  h.atl  ht'i'n  inifttfti  '-(> 
months  farlit'r  ( “'  ilavs  ol  apt*'  with  I'ilhor  t f s t I's  t f rt'iif  pit'p  i I'na  1 1*  oi 


19-noilosl  ostorono  pliony  Iprop  ioiiat»“  aiul  tlu'a  Irfati-il  with  cailmiiim  alter  a 
persistent  estrus  liail  developed.  Kaiil  and  Kamaswanii  (d8)  ol)servi'il 
severe,  but  reversible,  etiecls  on  tlie  ovaries  ol  both  mature  and 
iiniiature  temale  gerbils  given  a single  sc  injection  ot  cadmium  chloriile. 
Mature  animals  were  given  mg;  immature  gt'rbils  receivt’d  0.22  mg. 

Kxtensive  hemorrhages  and  widespread  atresia  were  louiui  in  all  animals. 

A graudal  reduction  in  ovarian  weights  also  occurreil  in  the  adult 
animals.  Follicular  atresia  might  be  ilue  to  altt'rations  in  the  blooil 
supply  rather  than  i'rom  a direct  etlect  ot  cadmium  on  germ  ci'lls. 
Development  of  placental  necrosis  in  pregnant  rats  treated  with  cadmium 
lends  support  to  this  hypothesis  (1). 

Behav  i or . Nadlatousek  et  al.  1.19)  liiscovered  that  cadmium  hail  a 
behavioral  effect  on  male  rats.  Injection  ot  cadmium  chloride  at  a 
dos.jge  sutticii'nt  to  cause  complete  testicular  necrosis  and  permanent 
sterility  (0.04  iiiiiol/kg),  caused  a temporary  loss  ot  copulatory  activity 
within  3 weeks  in  most  animals  tested.  'fhe  etlect  gradual  Iv  subsided, 
with  only  slight  impairment  of  sexual  behavior  after  2 months. 
•Administration  of  androgens  preventi'd  the  e 1 1 ec  t . 

Teratogenes is 

Teratogenic  eflects  have  been  induced  in  rats,  mice,  and  h.imsters  by 
a single  injection  ol  cadmium  salts  (sc,  ip,  or  iv)  during  the  7-11  dav 
period  of  gestation.  Barr  (40)  lound  that  cadmium  chloride  ( 1 1>  uM 

+ 4-  ^ 

Od  /kg)  was  teratogenic  when  administered  ip  to  Wistar  rats  on  day  9, 

10,  or  11  ot  gestation.  Doses  greater  th.in  22  uM  tM  /kg  were  otten 
t.ital  to  pregnant  rats.  Susceptibility  was  gre.itest  when  the  compound 
was  admi  n is  te  reil  on  day  9.  /Anophthalmia  or  microphthalmia,  dysplast  ic  or 
absent  ears,  and  hydroceplia  ly  were  the  most  prominent  ma  1 1 ormat  i ons 
mentioned.  Subcutaneous  injections  of  cadmium  chloride  were  not 
teratogenic  in  either  stock  of  rats  employed  in  the  study. 

A dose-related  increase  in  the  ma  1 1 orm/it  i on  r/ite  was  lound  by  Ishi/tu 
et  al.  (41)  in  pregnant  mice  given  c.idmium  chloride  sc  at  levels  ol  O.bl, 
2.S,  and  S mg/kg  on  day  7 of  gestation.  The  highest  'no  etlect'  dose  was 
0.1.)  rag/kg.  Kxencephaly  was  the  most  common  ma  1 1 ormjit  i on  tound. 


12 


concentrations  were  significantly  increased  in 
the  fetus. 


malformations  were  also 
were  hemorrhagic.  Cadmium 
the  placenta  but  not  in 


Fetal  abnormalities  in  cartilage  formation  and  delayed  ossification, 
as  well  as  cleft  lips  and  palates,  were  induced  in  pregnant  hamsters 
given  cadmium  sulfate  (2  mg/kg)  iv  on  the  8th  day  of  gestation  in  a study 
conducted  by  Mulvihill  et  al.  (42).  The  authors  attributed  the  cleft 
malformations  to  "a  mesodermal  deficiency  rather  than  to  a delay  in  shelf 
transposition." 
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Reproductive  Performance 

Dixon  et  al.  (43)  studied  the  effect  of  cadmium  on  reproductive 
performance  in  Sp rague-Dawley  rats  using  the  serial  mating  technique. 

Male  rats  given  a single  oral  dose  of  6.25,  12.5,  or  25  mg  Cd/kg  in  the 
form  of  cadmium  chloride  were  housed  with  an  untreated  female  for  ten 
7-day  periods.  The  females  were  sacrificed  9 days  after  the  end  of  the 
breeding  period  (9-16  days  pregnant)  and  examined  for  numbers  of 
reabsorptions  and  viable  fetuses.  The  authors  concluded  that  cadmium,  at 
the  concentrations  tested,  was  without  significant  reproductive  toxicity. 

12.  Cadmium  Metabolism 


The  fate  of  cadmium  in  laboratory  animals  has  been  investigated  after 
exposure  via  dermal,  respiratory,  gastrointestinal,  or  parenteral  routes. 


Absorption 


Skin.  Data  on  absorption 
very  meagre.  A single  report 
absorbed  only  1.8%  of  2 ml  of 
(0.239  M)  via  this  route  in  5 


of  cadmium  through  the  skin  apparently  are 
by  Wahlberg  (44)  indicated  that  guinea  pigs 
an  aqueous  solution  of  cadmium  chloride 
hours . 
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Respiratory  Tract.  Do^s  exposed  to  a eadmium  elil  or  iile  atMosol  sl\owed 
a rapid  olearaiice  t rora  the  Uings  diiriun  the  lirst  2 weeks.  l.on};-t«Mm 
e learanee  appeared  to  he  sKiw,  since  no  Inrther  d«’crease  was  observed 
alter  10  weeks  I-'**)).  Kriberj;  et  al.  12)  have  estimated  that  about  It)-.'*()i 
of  cadmium  inhaled  by  laboratory  animals  is  absorbed. 

ll*) 

Oast  rointest  ina  1 Tra^t  . Rats  ^iven  about  b.t>  mj;/kn  ot  Cd  as  the 
nitrate  apparently  absorbed  about  1-2)1  alter  2-*  hours,  as  indicated  by 
lound  in  stomach,  gut,  and  leces  i4b).  Monkeys  ISaiinir  i 
sc  iureus ) , intubatt'd  with  0.17  mg  Cd/kg-1.7  n\g  Od/kg  HW  as  ^**'odOl.,, 
retained  an  average  ol  2,^Z  ot  the  amount  given  10  ilays  alter  ingest  iiui, 
as  determineil  by  wlio  le  biKly  measurement  (47).  When  the  iK>se  was  reduced 
to  I ug/kg  UW,  the  average  whi>le  boily  retention  .alter  10  days  was  I'i 
(48).  A considerable  aiixuint  ol  unabsorbed  c.admium  is  I'liminatt'd  via  the 
leces  as  late  as  between  the  .‘’th  and  10th  day  .alter  ingestion  (2). 

Transport 

Cadmium  is  found  in  the  blood  loll.'wing  exposure  via  air, 
gastrointestinal  tract,  or  injection.  In  most  studii's  on  cle.a ranee  ot 
cadmium  Irom  the  blood  ol  exper  iinent  .a  1 animals,  exposure  was  via 
i n jec  t i on. 

Intravenous  Route.  The  clearance  ol  c.admium  trom  plasm.a  is 
cliaracterized  by  an  initial  rapid  phase  lo  1 1 owed  by  .a  slower  ph.ase. 

Using  dogs,  nx'St  ol  the  r.ulioactive  cadmium  admi  n i s 1 1' red  as  the  nifrati' 
disappeared  Irom  the  plasma  within  the  lirst  )0  minutes;  there.atter  the 
concentration  remained  approximately  the  s.ime  lor  the  dur.at  ion  ol  the 
2-honr  measurement  (SO). 
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Int  rnpor  i lonea  I Konte.  Maximum  b looil  lovols  art*  reaoln'd  within  a 

very  shv>rt  time  after  an  i nt  rapt'r  i tonea  I injection  ot  soluble  cailmiiim 

corapiximls . Kor  example,  Johnson  and  Miller  iSl)  tonnd  that  the  maximum 

10‘) 

concent  rat  ion  was  reached  alter  S minutes  in  rats  given  Cd  ip  as  the 
chloride.  After  80  minutes,  the  blood  level  was  only  12)i  of  t lu>  maximum 
value,  indicating  rapid  clearance  from  tlie  blood. 


Subcutaneous  Route.  Cadmium  appears  in  the  blood  soon  after 
subcutaneous  injection  of  a soluble  cadmium  compound  and  readies  maximum 
levels  within  lO-bO  minutes,  depending  on  the  amount  injected.  Most  iit 
the  element  is  found  at  this  time  in  the  albumin  or  larger  piMtein 

fractions  (2).  During  the  first  b hours  after  a single  sc  injection,  ot 

10‘)  ... 

Cd,  the  plasma  contained  per  unit  voluiih'  uK're  rad  uiac  t i v it  y than  ilid 

the  bloixi  cells.  In  later  periods  the  radioactivity  in  the  plasma 

declined  to  Kiw  levels,  wliereas  in  tlie  b 1 ooil  cells  it  increased  IbJ). 


In  human  beings,  a mean  blood-Cd  concentration  ot  1.4  ng/ml  was  t,nuid 
in  healtliy  subjects  with  normal  blooil  pressure,  as  compared  with  a uu-an 
of  11. I ng/ml  in  untreated  hypertensive  patients.  blood  contains  about 
0.1*  of  the  total  body  burden  v>f  cadmium  i'l-l). 


Tissue  Distribution  and  Ketention 


Oral  Intake.  In  rats  given  cadmium  nitrate  orally,  the  liv»>r 

contained  the  greatest  total  amount  v't  cadmium  8 hours  after 

administration.  The  maximum  concentration  was  reached  in  both  organs  at 

J2  hours,  following  wliich  there  seemed  to  be  a slow  decrease  over  t lu' 

remainder  of  the  .loO-hour  observation  period  i4h).  Kriberg  et  al.  fJ) 

noted  a study  by  Miller  et  al.  i !S4 ) who  gave  goats  a single  oral  dvise  ot 
109 

cadmium  cliloride  and  observed  that  after  1*1  days  the  concent  rat  ion 
in  the  kidneys  was  more  than  twice  as  high  as  that  in  tlu'  liver. 
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Injoctioii  Routt*.  Oi.st  r ibiii  ion  v>l  oiulminm  tollowinj;  inioolion  vaiios 
cons i liorab  ly  Jopoiuiin^  on  tbo  lioso  ;md  ttio  timo.  At  tor  nptaki'  to  t lio 
blooit,  tlio  livor-kidnoy  distribution  pat  lorn  is  j;on»>rally  tb«'  saim-  as 
that  toiind  attor  oral  administration.  Initially,  most  ol  tlu‘  oadmiiim 
goos  to  Ibo  livor  and  rolativoly  small  amounts  to  tho  kidnoys.  l.ator, 
kidiioy  lovols  inoroaso  and  ovontnally  booomo  hij;bor  than  livor  lovi-ls 
(2).  For  oxamplo,  Bnrob  and  Walsh  gavo  do>;s  an  iv  injootion  v't 

'^^'"oadminm  nitrato  (.0.J2  to  0.4  mj;  Cd/kj;)  and  lound  that  tho 
conoonl  rat  i on  in  tlio  livor  during  tho  tirst  24  hours  was  oonsidi'rab  ly 
groator  than  that  in  tho  kidnoys.  Attor  20-d0  days,  tho  oonoont  rat  u'li  in 
tho  kidnoys  was  ">0  to  100*  that  I’t  t lu'  livor  lovols. 

I’lacontal  Trans  t or 

Kxporimontal  Animals.  Animal  oxporimonts  liavo  iiulioati'd  that  tin' 

plaoonta  is  a barrior  against  tho  transti'r  ot  oadminm  whon  small  d,>sos 

aro  givon.  Wlion  tho  dosos  aro  largo,  cadmium  may  "d<’stri>y"  tho  plaoonta  1 

barrior  and  ontor  tho  tot  ns  t2).  Uorlin  and  Ullborg  i_So)  gavo  prognant 

104 

mico  singlo  iv  injoctions  ot  Od  01^  t8  no,  oar r ior- 1 roi' ) . Animals 
saorit'iood  on  tho  18th  day  tollowing  oonooption  showod  no  oadminm  in  tho 
totns,  althongh  a spooial  nptako  of  tho  t'lomont  was  tonnd  in  somo  pails 
ot  tho  plaoonta.  On  tho  othor  hand.  Form  ot  al.  (bJ)  tonnd  signitioanl 

amounts  of  oadminm  in  both  tho  plaoonta  and  totns  in  prognant  hamstt'is 

...  104 

attor  administration  ot  a singlo  iv  dosi>  ot  OdOl,  - OdSO^ 

t oarri or-t roo)  on  tho  8th  day  ot  gostation. 

Friborg  ot  al.  t2)  statod  that  tho  livor  and  kidnoy  appoar  to  bo  tlu' 
two  organs  ot  groatost  intorost  with  regard  to  oadminm  storago.  liuti'od, 
prior  to  tho  ivourronoo  ot  ronal  damage,  ot  tho  total  body  bnrdon 

vit  oadminm  is  ost  iraatod  to  bo  in  those  two  organs  in  oxporimont.il 
animals.  In  those  two  organs,  tho  pancreas  and  sploon  also  store 
ri'lativoly  largo  amounts;  some  oadminm  will  bo  tonnd  in  most  othor 
compartments  ot  tho  body.  'Hio  aoonmn I at i on  in  tho  livor  and  kidnoys 
appears,  at  least,  to  bo  mainly  dopondont  on  tho  storago  ot  o.idminm  in 
tho  mot  a I -b  ind  ing  protein,  thionoiii. 
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Humans.  c'liautn-  ot  al.  Of' ^ t.niiiJ  t\l  i-i'iu't'iit  t at  u'lis  .'(  tliu  I .>  1 1 .<w  i iij; 
urdi'f  lu  ti'tusus  iltM'ivu.l  t ivnii  .lapaucsf  nu'thfis:  wlu'lu  t'liU'ivv’. 

0.0$J-0.U>1  u^  w«'t  tissuu  iu  ''/»  ot  uml'ivus;  lu  SU'i  ul  livuis,  a iiH'.iii 
It'Vi'l  v>  t O.llt  ug/>;:  lu  v' t Uwliu'vs,  nu'au  0.0''  uj;/};;  iii  1/1  t I'laius, 

iik'.iu  0.0  uj;  j;.  Wlu>  U-  cml'ivv'  I'on.i'ut  rat  v .ms  wuiu  Ot- 1 u i m i uo.l  in  tiist 
t r uut- s t t-r  I'lnl'vvt'S.  Uivt-r,  kitiiu-y.  aiul  t'l.iui  tit-t  t-niuiiat  i.'us  wt-n-  m.i.lt-  t'u 
It-tust-s  t't  tlu-  st-routl  t i iHU-s  t f i . Nitiii-  ut  tin-  iiK'tht-is  h.ul  Itai  Itai 
vlist-asi-  v>r  res  i tlt-tl  i ii  an  ait-a  wlu-rt-  it  liatl  t't-eii  rei't'ite.l. 


Kxyret ion 

Animal  stiiOies  liavt-  slu'wii  th.it  .ittt‘r  a sini;le  t-\i't'Surt-  ta.lmium  iii.iv  ht 
exereteO  via  the  urine,  t,-ees,  hilt-,  hair,  t'l  saliva  t . 

On  nary  l-'.xeret  u'li.  l.ui' lus  t-t  al.  tSJ)  t.tun.l  th.it  in  i.its,  aioun.t  11 

. . 10') 

ot  ,i  sinjtli-  so  init'VtU'ii  v' t v'.itlmi  uiii  si'lutit'ii  was  t-xe  r,- 1 i-il  in  t In- 

urine  alter  I'lie  wt-t-k.  In  .iiMlher  stuilv  in  rats.  Shaikh  .iiul  l.ueius  ^ >')  ^ 

tt'un.l  .1  Oailv  exeretion  in  tlu-  uriut'  t'l  .tnlv  O.Ol'l  t O.t'0/1  t tin-  ilt'Si- 

10') 

.itliiii  n IS  1 1- It'll . In  this  stinlv,  ht'Wt-vt-r,  t’lK'l,  t ea  i r i t-r  - t 1 1-,- ’ .lUil  .'n 
v'hli'iitle  ilnt'S  wt'ii'  .ulmin  isteit'il  s iiiin  1 t aiit't'u  s 1 v . .Mter  analvsis  ,'t  a 
number  ot  I'ther  stiulies,  Ki  il't-ij;  et  al.  tJ)  asst-rteil  that  lU'  it'iit' 1 us  i .'its 
eouUl  hi-  ilrawu  with  re>;.iril  to  urinarv  t- xe  it- 1 i I'li  ,' t .'.itlmium  tt'lli’wini;  a 
single  expi'sure. 

bxeretion  Via  the  A 1 iiiit'iit  ary  I'ratt.  Ot-ekt-r  i-t  .i  1 . .yavt-  i.its  a 

single  iv  tU'se  ot  ''  t\l  tO.t'l  mg  kg^  .iiul  ti'iuul  th.it  a t t e i Ja  lu'uis, 

7.31  was  present  in  the  teet-s.  .Vltt'r  /.'  tu'urs,  IS.''1  .it  tin-  lU'St-  h.i.l 
been  t- I iiiii  nat  I'O  bv  this  route. 


Ua  i r . I'ruhaut  aiul  Uoiulene  reportt-il  high  ei'iii't-nt  ra  t ii'us  .'t  i.t  in 

the  hair  ot  rats  aiul  rcibbits  inteeti-il  with  e.iihiuum  aiul  suggt'steil  th.it 

analysis  ot  the  hair  et'uKt  be  v't  v.ilut-  tt'i  ,'st  iiiiat  i ng  eaihiiium  K'Vt-ls  in 

workers  exposeO  to  the  iiu-tal  or  its  I't'mpt'iiiuls . bt-i  lin  aiul  Ollbt-ig  t''t'' 

ti'iinO  that  eailmium  also  .u'eniiiulatt'il  in  Iht-  h.iir  t't  mii't-  ti’ll.'wing  .i 
10') 

single  liost'  ot  eailmium. 


1 


Milk.  Kribofi;  ot  al.  (2)  ca  U-ii  lalt'ii , Iroiii  tin*  liata  ot  Luois  ot  al. 

lol),  that  I'xcrotiou  ol'  oaiimium  i i)  tlio  milk  was  less  than  por  gram 

104  , , 

ot  milk  por  Jay  lolUiwing  a singlo  so  postprrtum  injoction  vil  t-d 
togother  with  *^^Zn  to  lomalo  rats.  In  a study  by  Tanaka  ot  al.  (.02), 
snoklings  ot  tom.ilo  mioi'  not  givon  radioaotivo  cadmium  wore  sucklod  by 
tomalo  mice  that  had  boon  givon  r.ulioaot ivo  cadmium  boforo  dolivory. 

At  tor  14  days,  0 . Ji  ot  tho  doso  givon  tho  sucklors  was  tound  in  tho 
sucklings,  as  dotorminod  by  wtiolo  body  nu'asuromont  s . Sinco  somo  cadmium 
must  havo  boon  oxcrotod  via  tho  tocos  v't  tho  sucklings,  tho  total  amount 
oxcrotod  in  tho  sucklors'  milk  must  tiavo  boon  gro.ati'r  than  0.3%  (2). 

Sa I i va . Oriozon  ot  al.  U>  3 ) tound  avorago  concont rat i ons  ot  cadmium 
in  marmoset  saliva  attor  stimulation  with  pilocarpine  and  mocholyl  tvi  bo 
S.4  ug%  and  7.8  ug  %,  rospoc t i vo ly , with  a maximum  ot  34.4  ug% 
t p i I oc  a r p i no  ) . 

Biological  llalt-Tinio 

Tho  estimated  biological  halt-time  ot  c.admium  tvillowing  a single 
exposure  is  about  200  days  in  rats  and  mice,  -lOO  days  in  dogs,  .iiul  I.") 
years  in  squirrel  iiKinkoys.  It  renal  dystunction  occurs,  tho  biological 
halt-time  will  bo  clianged  considerably  because  ot  tho  gri'ator  oxcrotion 
ot  cadmium  12). 


1 3 . Care i nogen i s 

Nvi  data  in  literature  surveyed  to  date. 
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Sl'bv’llKON  1 t Slior  t - 1 o im  ti’sts,  loss  than  hO  Javs) 

1.  ttoma  1 I o i 0 bU  t o c t s 

Sovi'ial  stiulios  in  expor  iiiifiit  a I animals  havo  lovoa  loii  that  cahminm 
oaiisos  anomia.  Kribef^  t o-* ) sn^tgostoJ  that  the  tvpe  ot  anemia  iiuineed  hv 
eailmium  was  mainly  hypivluouii  e , anil  he  stiulieil  the  etteet  et  iien  or 
liver  in  male  rabbits  j;iven  ila  i ly  so  injeetions  ot  O.nS  m^/kj;  t'li  to 
vlavs.wkl  over  a perioit  ot  70  days.  Kven  lar^e  aiiKnuits  ot  iron,  howevt-r, 
tailed  to  eompletely  prevent  anemia,  indieating  that  the  eondition  was 
due  in  part  to  an  alteration  in  iron  nt  i 1 iitat  ion.  lleiik'i;  1 ob  in  values  were 
s ii;n  i t ioant  ly  jtreater  in  the  i;roiip  reoeiviii;;  iron  than  in  other  >;roups. 

In  another  study,  the  i-ttect  o t'  dimereaprol  on  eadminm  i nt  ox  i eat  ion  was 
invest  ijtated.  Kabbits  given  O.ob  ug  Cd/kg,  as  eadminm  sultate  sc,  o davs 
per  week  tor  10  weeks,  wt're  treated  i times  each  day  with  either  s or  IJ 
mg, kg  se  injections  ot  the  drug.  A control  group  received  eadminm 
sultate  only.  A signiticant  and  progressive  decrease  in  blood  hemoglobin 
occurred,  although  erythrocyte  counts  decreased  s ign  i t icant 1 v only  in  the 
high  dose  dimereaprol  animals.  The  medie.it  ion  also  seemed  to  worsen 
other  etfects  ot  c.idmium  poisoning,  i.e.,  proteinuria,  weight  loss,  and 
lethality.  Koiir  animals  receiving  the  higher  dose  ot  dimerc.iprol  and  i 
given  only  c.idmium  sultate  died  during  the  experiment.  .All  animals 
showed  splenic  tibrosis,  hepatic  cirrhosis,  and  nephrosis  at  autopsy. 
C.idmium  concentrations  ot  the  organs  studied  did  not  ditter  trom  group  to 
group;  values  wi'ie  oO,  U) , and  US  mg,  100  g wet  tissue  tor  liver,  kidneys, 
and  .spleens,  respectively  to')). 

d . Bone  Marrow  jClian^t^s 


There  were  no  subchronic  studies  regarding  the  etteet  ot  c.idmium  on 
bone  marrow  in  experimental  animals  in  the  literature  surveyed. 

In  a study  by  Kriberg  too),  bone  marrow  examinations  ot  Id  workers 
exposed  to  c.idmium  revealed  no  pathologic  changes. 


Id 


1 immiiu'  1 i'  Ko  sj'i’nsi- 


Kiil'bits  i;iv<'n  H'O  ppm  ^-.ulmium  vh  Km  i lu  thi'  vif  i nk  i Mp,  watft  tor  70 

vliivs  It.'ii,!  s i pit  i t i 0 .-mt  1 V K'wim  iiou  t i .i  I i ; i itp  .lit  t il’ oOv  titi'rs  thaw  OiO  t ho 
oi'ittrols,  attor  i nor  ii  Kit  i on  with  psoiuloi  ah  u-s  virus.  AntihoOv  titi-rs 
wtMO  ilo  t ormi  noO  hv  t ho  pKniiio  assav  luotlioO  it'7^. 

■« . Oont  ra  1 _Noi  voiis  Svstt'iii  ii'NS  ) Kttovts 

No  Oata  roportoO  in  litoraturo  survovoO  to  Onto. 

. I'ohavioral  ht  toots 

No  O.ita  roportovl  in  litoraturo  survovoh  tv'  vlato. 

t' . I'.i  1 vt  i i'v ;i s 0 ii  1 a r K t t o o t s 

Kahh  1 1 s 

Vhiiivi  I't  .1 1 . 1 1''' ' invluot’vi  hv  po  r t o ns  i v'li  in  rabbits  bv  pivinp  wov'klv  ip 

i n 1 00  t i v'lis  ot  oavlminm  .lot'tati'  l nip  kp^  t v'r  ’ wt’v’ks.  I'lu'  .mthv'is 

siippostovl  a vlooro.isv'  in  v.isonlar  ro  s pv'ns  i voiu' s s tv'  anp  u't  I'lis  i n .is  pKivinp 

.1  iv' K'  in  t lu'  p.it  hoponos  IS  v' t oavlnuum  hvpo  r t ons  i v'li . I'ho  nu'italitv  r.iti' 
v'vor  tho  .’-wi'i'k  pt'iiv'vi  w.is  -'■''I. 

Ka  t^  f 

rv'iti’i  ot  al.  It''*'  tvHiiivi  iiv'  ovivlt'iiov'  o t .III  I'K'v.ition  in  b K'OvI 
pn'ssiito  in  t t'lii.i  lo  Sp  r.ipiio -I'.iw  1 ov -vlor  i Vi'vi  rats  pivi'ii  o.ivhiuum  .loi't.itv'  ip 
■it  2 nip  Ovi  kp . tv'llv'wt'vl  bv  a st’Ov'iul  vlosv'  o t 1 nip  Ovl  nip  ip  ' wov'ks  Kitv'r. 
•Av'rtio  strips  t iv'in  o.iOnmini- 1 roat  ovl  rats  slu'wovl  a .1  inn  n ishovl  roaotivitv  to 
.inp  iv't  ons  i n . opinophrino,  bai  inni,  .iiivl  t vr.'iiniiu' . Hio  anttu'rs  Ov'iio  Kuiovl 
"that  o.ivlmiiini  vlosons  i t i-tos  rat  vasou  Kit  iiro  tv'  va  sv'o  v'ns  t r i o t v'rs  aiivi 
vasv'vl  i I at  v'rs  i iivlopoiulont  Iv  v' t its  .ib  i I 1 1 v to  oauso  hvportv'iis  ion.  " Vowlor 
ot  al.  V 'O'  v'bsorvovl  that  v'r.il  .iviniin  i s t rat  i v'n  v' t o.iviminni  o.insovl 


I 
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const r ict ion  ot  Cho  smaller,  aiui  mild  dilation  ot  the  larger,  renal 
arteries,  as  well  as  a fibrosis  ot  peritubular  capillaries  in  male  rats. 
I'he  animals  w<-re  treated  with  cadmium  chloride  in  the  drinking  water  at 
levels  of  0.0  to  dOO  ppm  Od  ill')  lor  b or  Id  weeks.  The  diets  cvuitained 
normal  10.711)  or  K^w  i0.1»)  calcium.  Cadmium  cone  en  t r a t i ons  in  the 
kidneys  ot  animals  on  a low  calcium  diet  were  higher  than  those  on  the 
norm.i  1 diet.  In  addition  to  the  blood  v'esse  1 eftects  ob.s,'rvt*d,  cadmium 
also  caused  an  increased  bUN  but  little  tubule  cell  damage. 

7 . biochemical  and 11  i s t ochemica I Changes 

l.iver  and  kidney  hnzymes 

Short-term  studies  in  rats  revealed  that  cadmium  increased  the 
activity  ot  four  glucose-synthesizing  enzymes  in  both  liver  and  kidney. 
The  test  animals  wt're  given  daily  ip  injections  ot  cadmium  chloride 
1 1 mg/kg)  over  a period  of  4“)  days;  controls  received  saline.  An 
increase  in  blood  glucose  and  a decrease  in  liver  glycogen  were 
correlated  with  the  increased  enzyme  activity.  bven  when  cadmium 
injections  were  discontinued  for  dS  days,  increases  in  glucose  synthesis 
in  liver  and  kidney  cortex  were  not  reversed  171).  .According  to  NIOSH 
ll),  these  data  suggest  a possible  biocliemical  basis  for  some  of  the 
toxic  efforts  caused  by  cadmium.  They  pointed  out,  however,  that  the 
results  are  in  direct  contrast  with  those  of  Kutraan  et  al.  lib)  who  found 
that  cadmium  strongly  inliibited  glucose  formation  by  rat  kidnev  cortex  i n 
vitro. 

Vigliani  (72)  noted  a severe  reduction  in  kidney  leucine 
aminopeptidase  activity  in  mice  given  50  ug/day  ot  cadmium  over  a period 
o f 5 day  s . 
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Cyclic  Adenosine  Monophosphate  (AMP) 


The  effect  of  cadmium  on  AMP  in  the  testes  and  prostate  of  rats  given 
daily  ip  injections  of  1 mg/kg  of  cadmium  chloride  over  a period  of  45 
days  was  investigated  to  ascertain  wliether  testicular  damage  was  related 
to  changes  in  this  mediator.  Decreases  in  the  weights  of  the  testes  and 
prostate,  as  well  as  decreased  body  weight,  were  observed  in  the  treated 
rats.  Cyclic  AMP  levels  in  the  testes  remained  unchanged  (adenyl  cyclase 
was  significantly  increased  but  this  was  offset  by  a concomitant  increase 
in  phosphodiesterase  activity).  The  activities  of  cyclic  AMP-dependent 
and  AMP-independent  forms  of  testicular  protein  kinase  were  decreased, 
but  the  binding  of  cyclic  AMP  to  protein  kinase  was  not  affected.  The 
results  were  the  opposite  in  the  prostate  gland:  there  was  a decrease  in 
cyclic  AMP  (attributed  to  a decrease  in  activity  of  adenyl  cyclase), 
increased  cyclic  AMP  binding  to  prostatic  protein  kinase,  and  increased 
cyclic  AMP-dependent  protein  kinase  activity  (73). 

Mitochondria 


Sporn  et  al.  (74)  found  evidence  of  altered  phosphorylation 
(uncoupling)  in  liver  mitochondria  in  rats  given  10  ppm  of  Cd  (II),  as 
cadmium  chloride,  in  the  food  over  a period  of  60  days. 

Collagen 

Panigrahy  and  Patnaik  (75)  studied  the  effect  of  cadmium  chloride  on 
collagen  in  the  garden  lizard.  Imnature  male  animals  given  two  25  ug  ip 
doses  of  CdCl^  7 days  apart  showed  increases  in  the  solubility  of 
collagen  and  in  the  so luble/inso luble  collagen  ratio  in  bone,  cartilage, 
and  tendon,  when  sacrificed  2 weeks  after  the  first  injection.  There  was 
a decrease,  however,  in  the  total  collagen  content.  The  authors 
suggested  that  the  cadmium  salt  prevented  collagen  cross-linking  and  may 
have  interfered  with  collagen  metabolism. 


S . K 1 1 (H- 1 s ini  Tissiu's  ;iiiil  t'r^aiis 


Avli  t'liji  I s 


rill'  ailit'iiii  1 Hills  .111'  ailvi'isi'lv  alti'iti'il  I'v  lailiiii  iiiii.  Siii^-.lial  I’l  al. 

V7t)^  i 11  i i'i- t I'll  l als  ita  1 Iv  w 1 1 li  I mj;  k>;  l ailniiiiiii  i liK'i  i lii'  i p I I'l  •<'>  ilavs  aiiil 

li'iiiiil  uiiTi'asi's  111  aitii’iial  wi’i>;lils  aiul  lu'i  I'p  i iii'i'lii  iiu'  aiui  i-p  i iii'i'lii  i lu' 

li'Vi'ls,  as  wi' 1 1 as  i lu' roasi'il  ailii'iial  tvii'siiu-  hvili  ow  1 asi*  aitivitv. 

Ailii'nal  wi'ifilils  wt'ii'  still  si'iiu'wliat  pii-ati'i  tli.iii  iii'iiiial  .’li  ilavs  alli'i  tin' 
last  1 11  I I'l' t 1 I'll,  a 1 1 lii'ii>;li  iii'n' p i lU'plir  i iii'  aiiil  I'piiioplii  i iii’  U'Vi'ls,  as  wi' 1 1 
as  tvii'siiu'  livilii'xv  I asi'  ai' t i v 1 1 v , liail  1 1- 1 ii  i iii'il  to  iii'i  iiia  I . 


I’aiu- 1 1'as 

1 1 liak  is  s i I's  I't  al.  i/7^  I I'liiiil  tliat  ip  i ii  joi' t i oils  ol  lailmi  iiiii  aiotati- 
si'liitii'ii  ill  rats  at  t' . iti>;  iM  kp,  i-vorv  ot  lu'i  ilav  I oi  .'t'  ilosos  laiisi'il  a 

ili'i' t I'.isi'  ill  insulin  soi' i i' t i on  ami  niiiminoi  I'ai' t i \ o insulin  ilKO  loloaso 
wlion  till'  paiiiioata  won'  I'oi  liisoil  w 1 1 li  Ini  t I o i oil  pliiooso.  l.ovols  ot 
nip.  I’ll  kp  losnltoil  in  roiliiooil  oxiiotion  ot  i ail  i oao  t i vo 
t 1 oiii  till'  lini.ps  aiiil  iiiiioasoil  oxoiotion  ot  i ail  i oai' t i vo  latl'oii  .iiul  j'.liiioso 
111  till'  iiriiio.  riioio  woro  no  s i p,n  i I i laiit  ilianp.os,  in  plasma  p.liiooso  oi 

i nsn  1 1 nop.on  io  imlox  ^i.atio  ot  pl.isitia  IKl  to  plasma  p,  Inooso^ 


I’roilan  /iS>  ropoi  t oil  tattv  inti  Itiat  ion  ot  t lio  livoi  in  oats 

oxposoil  to  oailiiiiiiMi  oxiilo  tiimos  oi  iliist,  I'lit  not  laiimium  siilliilo,  I oi 
In  i o 1 pot  i Oil  sol  t i mo . 


Kal'l’its  iniootoil  witli  I nip  o ailiiii  inii  snltato  ilailv  toi  two  months 
sliowoil  a ilooroaso  in  oaloiiiiii  sot  nni  lovols  ainl  iloo  i o,i  soil  iittnot.il  oontont 
in  I' Olio 


o ;inil  I’yt  ic  Dlian^c's 

No  ilata  ropoi'ltvl  in  litoratnia'  snrvoy«'>l  1 1>  tlalo. 

10.  'I’lio  Molocular  Sito  ot  l\'ulmiiini  Toxicity 

No  data  I'oi'oft  I'O  in  liloratnro  s»ivv»'yc0  to  liatt'. 

11.  Roproilnc  t i vt'  ami  Toral  oj^on  i c Kl  loots 

A iloso -CO  1 a t ml  incrt'asi’  in  total  iloall\s,  lato  I'l  total  anonialios 
tmicionnatli  ia,  clotl  palalo,  clnhtool,  ami  sm.i  1 1 Innp.s)  ami  a dooroasi-  in 
total  w«'igt>ts  woro  obsorvoil  in  llD-sltain  rats  by  lllioinoll  t St)  ^ atlor  sc 
ailmi  n i s t ra  t i on  t A-l^  mp,/kp,  cailminm  cbloriiU’  on  A m>nsocnlivo  ilavs 
bo>;inninp,  on  ilay  1),  lA,  lb,  or  lb  ot  c.oslation.  Tbo  antlior  conclmli'il 

tbal  a (locroaso  in  Innp,  si/.o  in  l.'tiisos  I roiii  rats  injoctoO  at  S mp.'kp.  on 
(lays  14-17  was  ik'Tinitoly  a s|i<>cilic  n’t  anlat  i on.  It  was  nm'orlain 
wliotbor  tbo  total  am>ma  1 i os  won'  tbc’  ii'snll  ol  a iliii'cl  aclii>n  ot  cmliuimu 
on  tbo  loins  or  t roni  placontal  o I I I'c  t s oi  inalornal  I’ltocts,  sinp.lv.  ot  in 
combination.  ’Tsvot  ki>va  t «S  I , 84)  lonml  an  o 1 I oc  I i>n  I bo  ost  rns  eye  li’  in 
lomalo  rats  I'xposoJ  to  cadmium  snllato.  Ni’t'nalos  I rom  I'xpi'sod  ilams  woio 
smaller  ami  wo  ij^boil  loss  Ilian  otlspriii)’,  ot  m'nlrol  animals  ami  tbo 
I'admium  content  ol  tbo  1 i vi'r  was  7 . b I imos  as  b i j’.b  as  in  tbo  v'ontrols. 

I 7 . lladm  i nm  Mo  t abo  I i sm 

Absorption:  tlas  t ro  i nt  os  t i mi  I Tract 

Miller  ot  al.  t87)  oslimatod  an  KS'i,  absinplion  ol  d.iily  oral  di'si's  I'l 
cadmium  t l.l'  >;/day)  admin  islorod  to  cows  over  a poriiiil  ol  7 weeks  on  I bo 
basis  ot  t i ml  i np,  87'i  ot  tbo  <li>sa>;o  oxcn’toil  in  Ibo  tocos.  Kriborp,  ot  al. 
(7)  stated  that  tbis  lip.nro  sboiiKI  bi'  rop.ardoil  wilb  canliiMi  s i nm’  il  bas 
boon  slu'wn  tbal  cows  in  cailmi  nm-coni  ami  nat  od  areas  iil  Sweden  show  renal 


It'vols  .Trminil  l-T  hk:  wcf  w i t wMic’i  i ml  i c.i  1 1' s ;i  low  .iSsi'r  pt  i ('ii . 

These  .111  t h('t  i t i es  eoneliuled  th;it  most  .ininwil  sliictic's  iiulie.'ite  .in 
iT'Sorption  iil  ;thont  of  inpo'J^fei’  Oiulmi  nm , fl  1 t hi'iip,!i  ttieri'  ;ire  l;irp,e 

i n<l  i V i ihi.'i  I vjtr  i ;U  i ims  . Tht'v  pointed  mit  , lu>wever,  tlwit  s low  cjileivim  I'r 

ii  li'w  protein  intake  will  inerease  eadminm  nhsorpt  ion  hv  .1  l.ietor  of  ? or 
more . 

Tr.-mspor  t 

, . . . IT' 

Kriherp,  ( h-'i  1 administered  eadmi  iim  snltate  se  (O.f'S  mp  ('d/k>0  to 
rabbits  6 il.ivs  .1  week  .ind  lonm'  a steady  inere.ise  in  blood  levels  up  to  .1 
maximum  I'f  more  than  ? iip,/ml  after  .ibcmt  (lO  days. 

I'issne  Distribution  and  Retention 

l.iver,  Kiilnev,  I’ancrt'as,  Spleen.  KriberR  (8  0 pave  sc  inieetii'iis  iit 
cadmium  sulfate  (O.b'i  mp  (hOkp^  to  rabbits  (>  d.ivs  a wei'k  for  ■'»  v.’eeks 
in  one  primp  and  (or  10  weeks  in  .1  simond  proiip.  Alter  '1  weeks,  nii'.in 
cadmium  levels  in  liver,  kidney,  pancre.is,  and  spleen  weie  1 I (>0 , (lOO . 7“', 
.■ind  iip/p  (dry  wt  . K respect  ivelv.  Alti'r  10  vi'i'ks,  the  cc>rri'spond  i np 
values  were  lARO,  1(100,  1 ‘O , anil  180  iip/p. 

Fmbryo  and  I’l.'icenta.  In  pri-pnant  rats  exposed  I torn  the  day  ot 

conception  to  cadmium  oxide  dust  in  a concent  rat  ion  of  approximately  1 

1 

mp/m  . the  livi'rs  of  the  embryos  alter  ??  days  had  a cadmium  content 
more  than  twice  that  ('I  the  controls  (81).  I’ari/ek  (8b)  lound  that  si- 
administration  of  O.OA  mmol  ('d(ll)/kp  in  the  t ot  m I’f  cailminm  chloride, 
acetate,  or  lactalt'  to  prepnant  rats  cansi'd  complete  I'e  s I i iic  I i on  el  the 
p.'rs  foetalis  resnltinp  in  delivery  of  the  dead  conceptns  ot  rt' sor  pt  > cm . 
In  most  cases  the  placent.'il  chanpes  were  accompanieil  by  hemoi  rlwipe . 


Excret ion 


Urine.  Friberg  (83)  admin  istereil  cadmium  sultate  sc  to  rabbits 
in  daily  doses  of  0.65  mg  Cd/kg  and  followed  the  excretion  of  the  isotope 
in  tlie  urine  for  10-12  weeks.  During  the  first  6-7  weeks,  tlie  daily 
excretion  of  cadmium  was  very  small,  less  than  1%  of  the  daily  dose. 

About  the  8th  week,  however,  there  was  a sharp  rise  in  the  excretion  rate 
reaching  a level  of  approximately  100  times  tliat  of  the  aimnint  excr»*ted 
during  the  first  weeks.  This  rise  was  found  to  coincide  with  tlie 
appearance  of  proteinuria  in  the  animals. 

Alimentary  tract.  Ceresa  (79)  found  the  mean  fecal  excretion  rate  ot 
cadmium  to  be  1.8X  of  the  injected  amount  in  five  rabbits  given  about  5.5 
mg  Cd/kg  daily  (as  the  sulfate)  by  the  subcutaneous  route.  The  aiiKiiint 
excreted  in  the  urine  over  the  exposure  period  was  sliglitly  less  than 
that  eliminated  in  the  feces.  All  of  tlie  animals  died  7 to  9 days  afti'r 
the  first  injection. 

Biological  Half-Time 

No  data  reported  in  literature  surveyed  to  date. 

1 3.  Care i nogenes  is 


No  data  reported  in  literature  surveyed  to  dale. 


CHKONIC  TOXICITY  ( Loii^’-to nn  loats,  2-yoars,  or  litotimc  I roalmfiit  ) 

1 . Honia  t o 1 i c K t f oc  t s 

Kitzhii^li  aiitl  M«'illt'r  (8())  jjavo  rats  railnii  iim  I railnii  iiiii  cli  I or  i ilo  ) in 
tlu'ir  iliots  at  lovols  ot  Ib-liS  ppm  lor  up  to  (>  months.  At  13‘>  ppm, 
tlu'ro  was  pronouncoil  anomia,  K>w  liomoj;  1 oh  in , auii  KHC  counts  as  low  as  2 
million.  Thoro  was  also  a iinluction  in  growth  rate  aiui  in  somo  c.'isos 
t-ar  ly  lU'alh.  At  Al)  ppm,  some  animals  hail  no  hlooil  changes  alter  one  year 
anil  at  1 ‘>  ppm,  only  one  animal  hail  markeil  anemia.  Wilson  et  al.  18/1 
also  touiiil  that  rats  ileve  loped  anemia  alter  2-i  months  when  ted  a diet 
containing  as  littli'  as  0.00t>2i  ot  cadmium  as  cailmium  chloride. 

Increases  in  ret  icu  Kx'y tes  and  eosinophils  were  also  noted  in  a group 
eating  a diet  with  0.012-Sa  cadmium  as  cadmium  chloride  lor  1 to  7 
months.  As  little  as  tl.DOloll  ot  cadmium  in  the  torm  ot  cadmium  chloride 
in  the  diet  caused  bleaching  ot  the  enamel  ot  the  incisor  teeth. 

2 . Bone  Marrow  Changes 

In  a study  by  Wilson  et  al.  (87)  described  above,  the  authors  also 
tound  hyperplasia  ot  the  bone  marrow  atter  teeding  cadmium  in  the  diet  at 
concent  rat  i on  ot  0.012')*  cadmium  chloride  tor  1-7  months.  Bone  mai  row 
changes  were  not  lonnd  in  Id  workers  studied  by  Kriberg  ( bu ) . 

3 . Immunologic  Respo n s e 

Ko  1 ler  et  al.  (88)  exposed  Swiss  Webster  mice  to  I'.idmium  chloride  at 
levels  ot  3 or  300  ppm  (cadmium)  in  deionized  water  tor  a period  ot  70 
days,  and  then  ascertained  an  immune  response  by  ip  inoculation  ot  the 
mic<*  with  sheep  RBC  antigen  (SRBC)  at  varying  periods  of  I iiiu'  .illi'r 
cadmium  exposure.  Cadmium  levels  as  low  as  1 ppm  caused  a considerable 
reduction  in  the  number  ot  spleen  cells  producing  IdS  or  7S  antibodies. 
Hie  primary  immune  response  (IdS  antibixly)  varied  according  to  the 
interval  between  cadmium  treatment  and  administration  ot  antigen.  A 
reduction  was  noted  at  the  300  ppm  level  tor  as  tong  as  AJ  days  .alter 
cadmium  exposure.  Secondary  inmune  responses  ( /S  .antibodies)  were  .i  1 so 
reduced  at  both  cadmium  exposure  levels  over  the  same  time  period. 
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4.  Central  Nervous  System  (CNS)  Effects 


Humans 


Vorob'yeva  (1,  89),  in  a study  of  160  workers  exposed  to  cadmium 
oxide  (cadmium  concentrations  of  0.1  to  24  mg/cu  m in  the  workroom  air), 
found  prolongation  of  the  chronaxy  of  cutaneous  sensory  nerves  in  many 
cases,  as  well  as  optical  chronaxy,  which  was  proportional  to  years  of 
exposure  to  cadmium.  Major  complaints  were  headache,  dizziness, 
irritability,  depression,  and  sleep  disturbances.  Motor  chronaxy  changes 
were  also  noted.  In  workers  with  less  than  5 years  exposure,  muscle 
chronaxy  was  reduced;  in  workers  with  greater  than  5 years  exposure  to 
cadmium,  it  was  increased.  Signs  of  change  in  the  functional  state  of 
the  cerebral  cortex  were  also  observed,  although  the  author  stated  that 
further  research  was  needed  before  definite  conclusions  about  the  effects 
of  cadmium  on  the  brain  could  be  drawn. 

Experimental  Animals 


Friberg  et  al.  (2)  stated  that  long-term  studies  witli  small  doses  of 
cadmium  to  investigate  effects  on  the  nervous  system  have  not  been 
reported . 

5.  Behavioral  Effects 


No  data  in  literature  surveyed  to  date. 


6.  Cardiovascular  Effects 


Schroeder  (90)  found  that  trace  amounts  of  cadmium 
rats  in  their  drinking  water  caused  hypertension  after 
year;  the  incidence  increased  with  age.  The  incidence 
females  than  in  males,  although  tlie  mortality  rate  was 
with  hypertension;  the  median  lifespan  was  shortened  in 


(3  ug/ml)  given  to 
app’*ox  imate  ly  one 
was  higher  in 
greater  in  males 
both  sexes.  Soft 
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to  tin- 


w.'itiT  iiKioasi'd  the  hy  peftoiis  i ve  etlect  ot  eadmium.  la  contrast 
tiiulin>;s  ot  Schrocdcr  t^O)  above,  Lener  and  Bibr  t^l)  were  unable  to 
d<‘tect  hypertension  wtu'n  lemalo  Wistar  rats  wt're  >;iven  cadmium  in  the 
drinkinj;  water  t b ppm)  over  a period  ot  U>  months.  'I'lie  authors  state 
that  tliere  are  tactors  in  tood  which  decre.ist'  the  hy  pertensi');t>n  ic  ettect 
vit  cadmium  ions. 

7 . Biocliemica  1 and  Histochemica  1 t^lian^es 

Sporn  et  al.  t?-'*)  observed  chanj;es  in  liver  en::ymes  in  rats  jiiven 
cadmium  t;is  cadmium  chloride)  in  the  drinking  water  at  a concentration  ot 
I mg/  liter  over  a period  of  11  months.  There  was  an  increase  in 
phosphory lase  and  a decrease  in  aldolase  activity,  indicating  alterations 
in  hepatic  carbohydrate  metabolism.  Mitochondrial  oxidativi' 
phosphorylation  w.as  unattected,  even  when  cadmium  administration  was 
extended  to  dJS  days. 

8 . bftects  on  Tissues  and  Organs 

Kidney 

Wilson  et  al.  f87)  ted  cadmium  ■•hlorule  to  rats  in  the  diet  in 
concentrations  ot  0.003 1-0. Ob*  cadmium  over  a period  ot  100  days. 
Histological  examination  revealed  slight  tubular  changes  but  no 
glomerular  alterations  in  the  animals  exposed  to  0.02S  and  O.OS'i  dii'tary 
cadmium.  Renal  tubular  danuiite  was  also  observed  in  rabbits  tBelgian 
Oiant)  given  cadmium  chloride  sc  at  0.3b  mg  cadmium  per  kg  b days  a wt'ek 
tor  11-3^  wi’eks,  according  to  Axelsson  and  I’iscati'r  1*^3).  I'he  tubular 
damagt'  was  localized  in  the  proximal  segment  .and  micrviscopic  changes  were 
also  tound  in  the  glomi'ruli.  Cadmium  deposition  was  mainly  in  the  renal 
cortex  tproximal  segment  ot  tubules  and  distal  tubules  but  not  in 
collecting  tubules,  g Uimeru I i , or  stroma).  Following  the  development  ot 
pri>teinuria,  significant  increases  in  amino  acid  I'xcretion  in  the  urine 
occurred.  After  renal  damage,  excretion  ot  cadmium  increased  greatly  and 
eventually  exceedeil  amounts  being  .idmin  istered  each  day. 


Toftli 


lUo;u'l\  iu>;  ol  tho  iiK  isi>i-  tooth  waH  ohaorvoh  hy  Kitzlmith  aiut  Not  I lot 
1 8o  1 wlion  l-wook  o U1  tats  woto  >;ivou  oailmiimi  toailmiiiin  ohloriili'^  at  K'Vi-l.s 
as  K^w  as  1‘t  ppm  iit  tho  vltot  ovor  a pot  ioh  ot  o uh'ttths.  tlinti  aith  Volkof 
I'fO  also  itotoil  iloofoasoil  p i>;moiit  at  i ott  ot  itioisor  oiiaiiu' 1 in  tats  ftivon  ‘H) 
ppm  ot  oailmiimt  toahmiiim  ohKtt  ihiO  in  tooii  or  ht  inkin>;  wator  tor  1‘'0  havs 
in  a St  inly  on  tho  pv'ssihlo  fo  1 at  i onsh  ip  ot  oailmium  ailmi  n i s t ta  t i on  to 
hontal  oatios.  In  this  tonatil,  it  was  loiitih  that  ailmi  n is  t tat  i on  ot 
oaitminm  in  tho  watof  appat  ont  ly  inoioasoil  snsooi't  ih  i 1 ity  to  oat  ios. 

Ihofi'  was  also  a tOiUiotion  in  hlooii  homvtj;  lob  in,  an,!  tho  anthots  snp,k;osto,l 
that  h I oovi  aiul  onamo  1 ottoots  mav  havo  rosnltoil  1 tom  i nt  I'lao  t i v'lt  ol 
oailminm  with  i ton-oon  t a in  i no.  protoins.  In  anothof  oxpotimont  with  tats 
jtivon  0.00-*»  oailminm  ohlofiilo  in  tho  iltinkinj;  wator  itnrinj;  tho  pot  ioil  t 
oa  lo  i t i oat  i on  ot  tho  mv'lars,  thoro  was  no  inoroaso  in  numbofs  ot  o.tr  iinis 
losions  but  th,‘to  was  an  inoroaso  in  tho  rato  ot  t ho  i r pro>;rossion  whtoh 
was  attribntoil  lo  oailminm  int.ako  t 1 . 

bono  Ulnman) 

Itai-ltai  hisoaso,  wit  ioh  ooonrs  in  oortain  aroas  ot  Japan,  has  boon 
attribntoil  to  oailminm  in  wator  anil  orops  pollntoJ  bv  iiiilnslrial  wasto. 
rito  Jisoaso  appoaroil  liko  ostoomalao  ia,  with  painliil  joints  anJ  bonos  in 
tho  baok  atul  lo.ns.  A iliotary  ilotioionoy  t 1 ow  oaloinm  anJ  ptotoin\  as 
wo  1 1 as  lo-w  ostro^-on  lovols,  m.ay  also  h.ivo  haJ  a boarin.i;  on  tho 
ostooporosis  ill. 
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K xpe  i'  i im*  n t a 1 Au  i ma  I s 


Slwmi.’.ii  t't  al.  avlmi  u is  l<' i (“U  , .J  l/J  11, v)  to  ailu  1 1 Wistai 

rats  at  a lovol  ot  ppm  ui  t ho  w.iti'i  tor  UK'  ilavs  aiul 

obsorvoil  a markovl  ro  t aivlat  i on  in  ,i;ti'wtli  auil  a sli>;ht  >U‘ort‘as<'  in  t hi' 
w»'i);ht  ot  till'  tomiir,  as  w\' 1 1 as  an  al'iu'imal  propoitioii  ot  watoi  aiul 
oaloinm  in  I'ono . Aoov'iil  inj;  to  tlio  antlu'is,  tlu-  al'noimal  propi'ition  v't 
wator  in  t ho  hono  s s t o^l  that  normal  oa  lo  i t i o a t i on  oi  romoho  1 i np,  mipht 
havo  boon  impairoh  hy  oa>lmiiim.  I'ho  r.itio  ot  oaloinm  to  hv  row  p 1 i no  in 
hotli  soxos  was  also  hiphor  in  oahminiii-t  roat  oh  animals  than  in  t ho 
oont  t o Is . 

I'r* s t o s - Soo  Kop  roilno  t i vo  K t t oo  t s 
I'vtolo^io  aiul  I'vto^onotio  r’hanj^os 
Nil  hata  roporti'h  in  litoratnro  snrvovoh  to  Jato. 

10.  riio  Moloonlai  S i t «'  ot  I'ahminm  Toxioitv 

No  data  voportoh  in  litoratnn'  snrvovoil  to  hato. 


It.  Koptohiio  t i VO  ht  toots 


_l'os  t o s 

Nordhorp  t UO  tixind  onlv  slipht  tostionlar  ohan,pos  in  I'hA  mioo  pivt-n 
O.k  mp  r'd  kp  as  o.ivlminm  ohiorido  so  davs  wook  tor  t'  months,  and  no 
sipnitioant  ohanpos  in  tlu-  tostos  at  a dosapo  ot  O..”'  mp  iM  kp.  I'ln- 
1 owor  ilosapo,  howovor,  oaiisod  a dooioaso  in  total  piotoin  ox  lotion 
(dti^.  Similarly,  vahhits  pivon  oadmiiim  vhlorulo  so  ''  davs  wook  toi 
wooks  at  O.JS  mp  ikikp  showod  lu'  m.io  rosoop  i o I't  mioio'soopio  ovidonoo  ot 
tostionlar  ohanpos,  althonph  markod  damapi'  to  tho  ki.lnovs  w.is  t omul  i . 


II 


Kopi  iuiiu' t iv»'  l\'i' t oimauoo 


Kats.  Wills  I't  al.  ^ ' ooiuUu' toil  a t oiif ta  t i on  stinlv  with  i.its 
on  t ho  o 1 1 oo  t ot  o.ulmunn  ohloriilo,  .uimi  n i s t o lOil  in  t ho  t ooil  thoth  so\os^ 

■ It  lovols  ot  11  or  7.1  pph , on  top  roiluo  t i vo  por  t oi  manoo  . Mono^aiiK'iis 
matinjts  woro  ostahlishoil  aiul  oontinnoii  until  ■*  littois  oonplo  woro 
ilo  1 1 VO  roii . SoHU-  animals  saoritiooil  t roin  i-aoli  >;ono  la  t i on  , all  tatalitio.s, 
aiul  those-  k i 1 1 ('ll  at  t hi'  I'liil  ot  t ho  st  luly  woro  I'xamiiu'il  mao  rosoop  i oa  1 Iv 
aiiil , wtioro  v'hst’ rva  t i ons  i ml  i oat  t' il , mi  o rosoop  i oa  1 I y . At  tlu'  7 1 pph  lovol, 
thoii'  was  a ilotioit  in  woijtht  jtain,  a slii;ht  ilooro.iso  in  lonj;ovitv,  ami  a 
slii;ht  inoroaso  in  tortilitv.  At  tho  11  pph  lovol,  a sliitht  ili'tioit  in 
wi'i>;ht  >;ain  aiul  a slij;ht  inoroaso  in  loni;ovitv  wt'io  not  Oil.  No 
sijtnitioant  maorosoopio  or  miorosoopio  ohaiyitos  wi'ro  toniul  in  anv  ot  tho 
7 .'t>  rats  ox.imiiu'il.  I'ho  authors  oonoliuloil  that  tooilinjt  t'll  tlP  -it  11  pph 
aotu.illy  m.iv  havi-  boon  hoiii-tioial. 

Monkoys . Wills  ot  al.  f^ill  .ilso  i nvos  t i jtat  Oil  tho  ottoot  ot  o.iilminm 
on  rop  roiliio  t i v'n  in  monkoys  in  an  .ihh  rov  i a t Oil  stiulv.  riiie-o  tomalo  .inimals 
toil  oailmuim  ohloriilo  in  .i  swootoin'il  hovor.ip,o  at  l.s  or  1.0  no,  ki;  il.iv  tor 
Ih  months  sliowoil  no  ailvorso  o 1 1 oo  t s t rom  tho  oomponiiil  tono  oontrol  monkov 
and  oiii'  animal  on  tho  U-wt'o  dosaiti'  diod  .ittor  n uK'iiths  t rom  a diso.iso, 
aoooriliiii;  to  tho  authors,  that  was  not  rolatod  to  I'd  til'  inmost  ion'.  .At 
till'  oiul  ot  tho  tro.itiiit'Ht,  tho  throo  survivors  wt'ro  matod  with  untro.itod 
m.ilos.  ihio  tom.ilo  at  o.ioh  ot  tho  o.uimium  doso  lovols  dolivorod  ono 
lilt. lilt  wti  loh  luirst'd  and  di'Vt' lopc'd  normallv  .md  .ippi'.iii'd  to  h.ivo  no 
ah  no  nil. i I i 1 1 os  . 

In  tilt'  roproiiuotion  study  hv  Pixon  I't  al.  t-*''.  disoussod  in  tlu- 
.\outo  I’oxioitv  sootion,  r.its  woro  tt'Stod  .i  1 so  tor  o 1 1 1'o  t s ot  I'.idmium  on 
rop  roduo  t i VO  pi-r  tormanoo  attor  oxposuro  to  o.idmium  lovols  ot  O.OOl,  0.01, 
or  O.l  ill};  litor  in  t lu'  drinkiiii;  w.itt'r  tor  '>0  days  tost  ima  tod  d.i  i Iv  doso, 
u>;  kft ' . Koroi'd  hroodinj;  studios,’  as  wi' I 1 .is  t'x.iminal  ion  ot 
rt'p  rodui  t i vi'  orp,an.s  and  a variotv  ot  olinio.il  ohomistrv  tosts,  tailod  to 
rovoa  I anv  sijtnitiiant  rop  roduo  t i vo  toxio  t'ttt'ots  ot  o.idmium. 
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nrinatv  oxorotion  ot  o.u'minm 


H I o 1 a 1 Halt-Vimt’ 

Vh<'  h.iIt-t\iio  ot  I iul  i I’.u' t i vi'  laJmuim  in  mii'i-  .'ilfi'i  a sinyli- 
i n 1 1’l' t i i'll , 1 1' 1 ! I'l.  t'l'  bv  ilailv  iK'sns  at  nan-T  ail  i a.u' t ivi'  a ai'iii  i uiii  ta>  ' 

waaks,  was  taiiiiil  ta  ba  vaais 

1 I . l at  a i na^i'iit's  i s 

1 n i aa  t 1 an  Kant  a 

Haat'i  aiii’  Wab'i  i ! tV' ^ im'uaai'  i ba^'i’amvas  ai  aam.i  t a in  tats  bv  im 
iniaatian  at  pawi'atail  aai'minm  matal  aiul  ma  i nt  a i nai*  t'la  t umai  s tat  at 
laast  n vaats  bv  t tansp  1 an  t a t i an  I"''  1 1 ansp  1 ant  s V Mast  at  t ha  matal 
that  was  t naatpai  a t ail  i n t laaa  1 1 n 1 at  1 v bv  t ha  j'l  imat  v t nmaf  was  baniiil  b\ 
t'la  niii'laar  tiaatian.  latar  stiu'ias  tavaalai'  that  at  laast  ‘'0*  at  tin' 
nvii'li'at  tiaatian  was  baniii!  ''v  t ha  luialaali  tlO''.  Ka/ant/is  aiiil  Hanbiiiv 
(104^  absai  vail  sataaiiiata  in  tha  t.it  attaa  init'atiai'  at  a sinala  ilasa  at 
aailminm  snltii'a.  In  t !i  i s stui’v,  itia  t as  r a t i a furtiars  a ! sa  wc'it'  laniii’  in 
raitianal  1 vmph  naJas  ami  liinas.  A nnmbai  at  athar  wat  kai  s hava  imhiaai' 
i n iaa  t i an-s  1 1 1'  sat  aamas  in  tats  w'th  aailiiiiitm  aampaiiiii' s . ihinn  at  al. 
(10'''  taniii!  p 1 aamai  I'll  i a saraaiiias  at  tha  sita  at  iniaatian  at  lam  sa 


i n ) aa  t 1 ans 

at  0.1' 

myt  aailminm  ahl 

at  i I'a  1 11  1 

a t '0  111.1 1 a 

Wist  ar  r.i  t s ' 1 c 

mi'iit'is  lata 

r.  Tha 

Sana  ant  hats  a 

Isa  i Ill'll  a I'l 

' 1 11 1 a t s t 1 1 

ial  aa 1 1 t nmat s al 

tha  t as t as 

1 11  '■  a t s 

am'  miaa  bv  a 

s i 11  yt  1 1'  s a ' 

1 n iaa  t i an  a 

t 0 . 0 1 lllllli'  1 k yt  i' t 

aai'minm  alilat  iila  (lOt''. 

Oral  Kanta 

K.'inisawa  ai'i'  Sahraailar  (10’'  a.ava  1 anit-Kvans  tats  aai'minm  aaatata  ii 
t’'a  I'finkinp,  watat  at  '>  ppm  U'l'  lan'  tram  waanii'it  until  I'aath,  a patiail 
at  •»  vaars.  Vha  I’l'  lll'-taO  rats,  hawavat  . 0 i il  nat  'iiiva  a s t a t i s t i a a 1 1 \ 
s 1 j’.n  ’ t i a an  t inaraasa  in  t nmat  s abava  tha  inaii'anaa  in  tha  nntraatai' 
a'titrals  at  t'n’  0.l'‘'  laval. 


SLCNIKICANT  PHYSICAL  /\ND  CHEMICAL  PROPLRTILS 


Caclmium  is  a soft,  ductile,  silvery-white  metal.  Its  physical 
properties  are  given  in  I'able  1.  It  occurs  with  zinc,  lead-zinc,  and 
copper- 1 ead-z i nc  ores  in  nature  and  is  obtained  as  a by-product  in  the 
refining  of  tliese  ores.  Cadmium  is  difficult  to  separate  completely  from 
zinc  and  small  amounts  are  found  in  commercial  zinc  compounds.  It 
readily  forms  alloys  with  most  heavy  metals.  It  is  precipitated  from 
solutions  by  metallic  zinc.  Cadmium  is  slowly  oxidized  superficially  by 
moist  air  and  reacts  readily  with  mineral  acids  and  relatively  slowly 
with  many  organic  acids  to  form  salts. 

The  distribution  and  fate  of  cadmium  in  the  environment  has  not  been 
investigated  extensively.  Air  normally  contains  about  0.001  ug/m^.  In 
the  vicinity  of  cadmium-emitting  factories,  concentrations  of  0.1  to  0.5 
ugm^  have  boon  reported.  The  normal  concentration  in  water  is  less 
than  1 ng/g.  Liver  and  kidney  t rora  animals  and  shellfish  are  typical 
foodstuffs  that  normally  may  contain  levels  greater  than  0.05  ug/g.  Rico 
and  wheat  may  have  concentrations  as  high  as  1 ug/g  derived  from 
cadmium-contaminated  soil  or  water. 
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Table  1 


Significant  Physical  Properties  of  Cadmium 


Atomic  number 
Atomic  weight 

Outer  electron  configuration 
Melting  point 
Boiling  point 
Density 


48 

112.40 

4d(10)5s(2) 

320.9  C,  609.7  F 
765  C,  1409  F 
8.642  g/cc 


Solubility  of  cadmium  compounds  in  water  (0-25  C) : 

Soluble  at  more  than  100  g/100  cc 

Cadmium  chlorate,  chloride,  nitrate 

Soluble  at  50-90  g/100  cc 

Cadmium  bromide,  iodide,  sulfate 


Soluble  at  1-10  g/100  cc 

Cadmium  benzoate,  cyanide,  fluoride,  lactate 

Insoluble 

Cadmium  carbonate,  hydroxide,  oxide,  selenide,  sulfide 


j 


From;  Occupational  Exposure  to  Cadmium,  1976  (1) 
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KXl’KRlMKN'lAl,  CADMIUM  INTOXICATION 


ADDKNDIIM  1 


ACUTK  TOXICITY  C i no  liul  i iig  j_ii  vj  t_r^  obsor  vat  i oiis  ) 


I . Heniatolo>;ic  Ct'tects 


Cadmium  produces  cytopatbic  effects  i u erytbrocy tes  and  platelets  i n 
vitro  that  are  similar  to  those  seen  with  other  heavy  metals.  The 
underlying  mechanism  appears  to  be  a toxic  effect  on  sulfhydryl  enzymes 
of  the  blood  cells  (108). 


2 . Bone  Marrow  Changes 

In  vivo,  it  seems  possible  that  cadmium  is  transportt'd  to  the  bone 
marrow  where  it  inliibits  hemoglobin  synthesis  and  is  partly  incorporated 
into  the  molecule  (10^). 


4.  Central  Nervous  System  (CNS)  effects 

Cadmium  stearate  inhibited  outgrowth  of  rat  cerebellar  cells  _i_n  vjtro 
and  caused  degeneration  at  a concentration  of  0.48  x 10  ^'m,  according 
to  Kasuya  et  al.  (110).  The  minimal  inhibitory  level  tor  nerve  fibers, 
glial  colls,  and  fibroblasts  was  found  to  be  about  2.)  x 10  M. 

7 . B i PC  hem  i c a 1 and  ll  i s toe  hem  i ca  1 K f fee  t s 

The  mechanism  of  c.admium  toxicity  has  been  the  subji'ct  of  much 
study.  Buell  (111)  called  attention  to  the  fact  that  many  of  the  2,000 
or  more  enzymes  that  regulate  the  great  number  of  chemical  reactions  in 
cells  are  influenced  or  affected  by  zinc  or  other  trace  elements  and 
suggested  that  cadmium  toxicity  may  result  t rom  its  replaceiiu’nt  of  zinc 
or  reaction  with  -Sll  groups  in  certain  enzymes.  iltlu-r  reviewers  have 
pointed  out  that  necrosis  of  the  testis,  subcutaneinis  sarcomas,  anil  other 
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toxic  coniiitions  imiuceil  by  cadmium  can  bo  partially  or  totally  prevented 
by  treatment  with  iinc,  selenium,  cobalt,  thiol  compounds,  or  estrogen 
(112,  IIJ). 


! 

I 

1 
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8. 


Effects  on  Tissues  and  Organs 


Liver 


Ka  jikawa  et  al.  (114)  expt>sed  Chang's  liver  cells  to  cadmium  chloride 
for  72  hours  ^ vitro  and  found  a decrease  in  cell  numbers  and  a reduced 
proliferative  rate  at  concentrations  as  low  as  0.01  ppm.  Complete 
reduction  in  growth  occurred  at  a level  of  I .0  ppm.  The  authors  stated 
that  these  results  were  the  sanu'  as  thosi-  obtained  in  an  unspecified 
animal  test  for  cadmium  toxicity. 

‘1 . Cytologic  and  Cytogenetic  Effects 

Sh i ra ish i et  al.  (115)  observed  chromosomal  aberrations  in  human 
leucocytes  exposed  j_n  vitro  at  57^’  C to  cadmium  sultide  added  to  the 
culture  fluid  during  the  last  8 and  4 hours  of  incubation  to  a final 
concentration  of  6.2x10  ug/ml.  Chromatid  and  isochromatid  breaks, 
translocation,  and  dicentric  chromosomes  were  found.  No  chromosome 
aberrations  wt're  noted  in  untreated  control  cell  cultures.  The  authors 
concluded  that  it  seems  highly  possible  that  cadmium  sulfide  is  mutagenic. 

I’eripheral  leucocytes  from  seven  Itai-ltai  disease  patients  alsi> 
showed  a significantly  higher  incidence  of  chromosomal  abnormalities  than 
those  troin  controls.  Chromatid  breaks  were  especially  common  (llu). 

Rohr  and  Bauchinger  (117)  found  that  the  mitotic  index  was 

significantly  reduced  in  Chinese  hamster  fibroblasts  ("HY")  exposed  in 

vitro  to  cadmium  sulfate  (10  *^mol/l)  for  16  hours.  Stickiness  and 

pycnosis  of  chromosomes  occurred  at  10  "*mol/l.  A stathmok inet ic  eltect 

-5  -4 

was  observed  after  3 hours  at  levels  of  10  and  10  mo  1 / 1 . 'Hie 


mitotii'  iiuiox  i ni' roast'd , mitost's  wort'  liKu'kt'tl  in  motaphast'  anil  "initial 
r'-m  i t I'St's"  aiul  "C-mitosos"  wi'ro  obsor  vt'il . Strnctnral  t’li  riimnsnnu' 
abi'iiat  i tins  ( rhromat  i d t ypi‘  mainly)  woro  nbsiTvi'd  iiK'ro  tban  12  lunirs 
aUi'r  i'xpi>siiro  tar  into  hour  to  10  ^mol/1  oailminm  snlpbato. 

Tilt'  otltvt  t>t  t'.ulmi  nm  and  iiii'miry  i>n  ot'llnlar  organt' I It's  in  (Jill  luonso 
1.  strain  libroblasts  in  vitro  was  stndioil  by  Kawabara  ft  al.  Olb)  with 
tbf  f 1 Of  t ron  mic  rosoopo.  Cadmium  cbloridi'  at  a c onf  f nt  rat  i on  ot  IS.b  np, 
pri>iliu'fil  st'VtTf  advt'rsf  fbanpos  in  tht'  cnltiiros  maintainfil  at  17*^'  C lor 
2'*  hours.  I'bf  ribosomos  disappoarod,  mitoohondria  showed  varying  th'prt'es 
ot  lU'st  rnc  t i on , aiul  the  endoplasmie  reticnlnm  was  swollen  anil  beadlike, 
'riie  nnelens  appeared  to  be  actually  structureless  and  its  membranes  were 
wavy  and  irrepnlar. 

1 0 . Molecular  Ktlec t s 

Ciintayat  and  I’atnaik  (.11^1)  tonnd  decreases  in  KNA,  1)N.'\,  and  KNA/DNA 
ratio  in  the  testes  ot  rats  seven  days  alter  the  i nl ra t es t i cu I ar 
injection  at  a sinple  dose  ot  cadmium  chloride  consisting  ot  0.2‘>  mp./UH)  ; 
body  wi'ipht.  the  authors  pointed  ont,  however,  that  the  chanpea  observed 
mipht  h.ave  been  secondary  to  ischaemia  caused  by  cadmium,  which  in  turn 
may  lead  to  a ri'dnction  in  metabolites  reipi  i red  tor  nucleic  acid 
sy  nt  lies  i s . 

Murray  anil  Klessel  (120)  studied  the  ettect  of  cadmium  and  several 
other  b io lop i ca  I ly- impor t ant  metals  on  the  mixinp  curves  ot  svnthetic 
polyribonucleotides  in  vi^jo.  Cadmium  chloride  at  10  '^M  brouphl  about 
chanpes  suppest ive  of  base  mispairinp  between  po ly r ibo i nos i n ic  acid  (poly 
(1))  and  po  ly  r ibix'y  t i dy  1 i c-ur  i dy  1 i c acid  (poly(C,0)).  A sipniticant 
decrease  in  hypochromic i t y , indicat inp  a decrease  in  the  extent  ot 
interaction  ot  the  [ui  ly nuc 1 eot i de  chains,  as  well  as  a small  sh  i 1 1 in  t he 
overall  stoichiometry  ot  complex  tormation,  was  tound.  the  authors 
discussed  the  possibility  that  direct  metal  ion-nucleic  acid  interaction 
may  be  involved  in  metal  care  i iiopenes  is  at  least  in  some  cases. 
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SUBCHRONIC  TOXlcri'Y  IShort-tonn  tests,  less  tlian  90  clays) 

8 . Kt'tects  on  Tissues  and  OrRans 

Bone 

Yosliiki  et  al.  (121)  observed  retardation  of  bone  growth  as  well  as 
osteoporotic  changes  as  early  as  three  weeks,  during  treatment  of 
weanling  male  rats  with  10  to  300  ppm  cadmium  (in  the  form  of  cadmium 
chloride)  in  the  diet.  Kidney  damage,  on  the  other  hand,  did  not  occur 
until  the  seventh  week.  There  were  no  osteomalacic  changes  at  any  time 
during  the  12-week  expcisvire  period.  The  authors  stated  that  the  results 
obtained  suggest  that  cadmium  may  act  primarily  on  bcine,  rather  than 
secondarily  through  disturbance  to  the  kidneys. 

Thyroid 

Oer  et  al.  (122),  in  a short  report,  stated  that  cadmium  had  a 
deleterious  effect  on  thyroid  function  in  male  Sprague-Dawley  rats  given 
daily  injections  cif  50  or  250  ug  Cd  over  a period  of  bO-70  days. 

12.  Cadmium  Metabolism 


Transport 


The  metal-binding  protein,  thictnein,  is  invc>lved  aUmg  with  the  bKiod 
in  the  transport  of  cadmium  and  a variety  ol  cither  metals  in  the  animal 
body.  Sargent  and  Metz  (123)  pciinted  cm  t that  tlie  accumulation  of 
cadmium  in  the  kidney  and  liver  is  dependent  on  this  transport 
mi'chanism.  The  protein  moiety  of  the  cadmium-th  ione  in  complex  passc's 
through  the  glomeruli  into  the  urine,  resulting  in  a gradual 
concentration  of  cadmium  in  the  renal  tissue.  Serious  kidney  impairment 
occurs  before  the  concentration  in  the  cortex  reaches  201)  ppm. 


I 

I 
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CHRONIC  TOXICITY  (Long-term  tests,  2-year  or  litetime  treatment) 


1 1 . Reproductive  and  Teratogenic  effects 

Schroeder  and  Mitcliener  (124)  discovered  a marked  adverse  etl'ecl  of 
cadmium  on  the  reproductive  performance  of  mice  (Charles  River  CD  Strain), 
resulting  in  loss  of  the  strain  in  two  generations,  wlien  a soluble  salt 
was  administered  in  the  drinking  water  at  a level  of  10  ppm  (element).  A 
congenital  abnormality,  sliarp  angulation  of  distal  third  of  the  tail,  was 
found.  A high  percentage  of  the  progeny  died  before  weaning  and  13«  of 
those  surviving  beyond  weaning  showed  growth  retardation, 
j 

j 13.  Care inogenes is 

I 

Ki'ndrey  and  Roe  (112)  reported  that  teratomas  or  Sertoli -cel  I 
adenomas  have  been  induced  in  experimental  animals  by  the  subcutaneous, 
intramuscular,  or  intratest icular  injection  of  cadmium. 


j 
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EXPERIMENTAL  CADMIUM  I NTOX I CATION 


ADDENDUM  2 


ACUTE  TOXICITY  (.including  ^ vitro  studies) 

7 . Biochemical  and  Histochemical  Changes 

A single  ip  dose  of  cadmium  chloride  (.  bO  mg/kg),  injected  into  rat 
sacrificed  one  hour  later,  lowered  liepatic  glycogen  levels  and 
significantly  increased  the  concentration  of  blood  glucose,  serum  urea 
and  hepatic  cyclic  AMP  (cAMP)  to  413%,  2J2%,  and  20b%  of  control  value 
respectively.  The  treatment  also  increased  both  the  basal  and 
fluoride-activated  adenylate  cyclase  (AC)  as  well  as  cAMP  levels  and 
decreased  the  activity  of  hepatic  adenosi ne-3 ', 3 ' -monophosphate 
phosphodiesterase  (PDE)  activity  (7b). 
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SUBCHRONIC  TOXICITY  (. Short -to rm  Costs,  loss  than  W liays) 

I . Ininnino  IokIc  Response 

Cailminm  C JO  ppm)  admi  n is  to  roil  in  tho  torm  i>t  oaiimiinn  oliloriiio  to  j 

Swiss  Wobstor  CCBA/J)  mico  in  tho  dr  inking  wator  tor  10  wot'ks 
s i gn  i t i cant  1 y docroasod  tlio  ability  of  bono-marrow  dorivod  splenic  B 
lymphocytes  to  fonn  rosettes  vising  an  erythrocyte  VE)-antibody 
U\) -complement  fC)  thlAC)  assay.  Splenic  U cells  Ivave  surface  receptors 
tor  the  activateil  third  component  of  complement  tC'J  receptor).  Sheep 
RBO  sensitized  to  ant  ibixiy  and  complement  itlAC  complexes)  bind  to  the  C'J 
receptor  on  B cells  to  form  the  rosette.  Only  B cells  t ormed  rosettes  by 
th«'  iv\0  technique.  A dosage  of  300  ppm  cadmium  did  not  cause  inhibit  iiin 
ot  tlAC  rosettes,  but  the  authors  oxplaineil  that  this  dtuiiiinst  rated  the 
variable  respivnse  ot  animals  to  different  levels  of  cadmium  observed  so 
often  in  their  laboratory.  The  direct  inhibitory  effect  of  cadmium  on  B 
cells  could  be  detrimental  tv)  health  since  the  B cell  is  the  precursor  ot 
ant  ibody-p  roiluc  ing  cells  (125). 

5 . Behavioral  Effects  ; 

Cadmium  chloride  solution  administered  to  newluirn  Sprague-Daw  lev  rats 
at  a dosage  of  10  ug/100  g by  intubation  daily  tor  30  viays  s ign  i t icant  ly 
increased  spontaneous  locomotor  activity  by  37)1.  Striated  tyrosiiu' 
hydroxylase  and  mid-brain  tryptophan  hydroxylase  were  a 1 svi  increased. 

The  cvincent  rat  i on  of  5-hydroxy  indo  leacet  i c acid  was  elevatt-d  in  the 
mid-brain  region  only.  The  authors  stated  that  the  results  suggi'sl  that 
exposure  to  cadmium  in  early  life  increased  the  synthesis  and 
physiological  u t i 1 iz at i cm  of  these  supposed  transmitters,  which  in  turn 
probably  caused  the  increased  spontaneous  locomotor  activity.  Inciv'asing 
the  daily  cadmium  chloride  dose  to  100  ug/100  g for  30  days  did  in't 
increase  Kvomv'tor  activity  over  that  at  the  10  ug/100  g dose  level, 
although  body  wi'iglit  was  decreased  by  19*  (12l)). 
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7 . Bioctiemica  1 and  Histochemica  1 Chant;cs 


Urdina  et  al.  (127)  found  that  treatment  of  rats  for  45  days  ip  with  I 

cadmium  chloride  at  levels  that  did  not  cause  any  apparent  neurotoxic  ] 

signs  produced  significant  changes  in  regional  levels  of  various  brain  ; 

biogenic  amines.  Acetylcholine  (ACh)  levels  were  significantly  depressed  j 

to  84S  and  7tX  by  doses  of  0.25  mg/kg/day  and  1.0  mg/kg/day,  | 

respectively.  Serotonin  (5-U'l’)  levels  were  likewise  significantly  | 

decreased  by  treatment  with  CdCl.^.  The  amount  of  dopamine  in  tlie 
striatum  was  markedly  increased  at  both  dose  levels.  Neither  dosage 
produced  any  apparent  changes  in  the  concentration  of  brain-stem 
norepinephrine  (NE)  or  in  cerebrocortica I acetylcholine  esterase  (AChE) 
activity  over  the  45-day  period.  The  decrease  in  brain-stem  5HT 

persisted  even  after  withdrawal  of  the  higher  dose  (1.0  mg/kg/day)  for  28  j 

I 

days.  Cadmium  is  known  to  cause  CNS  damage,  and  the  authors  suggested  s 

that  the  observed  changes  in  brain  biogenic  amine  levels  may  represent  I 

early  and  subtle  signs  of  deleterious  effects  on  brain  function,  which  | 

can  be  detected  even  before  tiie  behavioral  or  h istopathological  signs  of  | 

toxicity  appear. 

Cadmium  chloride  administered  to  newborn  Sprague-Daw  ley  rats  at  a 
dosage  of  10  ug/100  g by  intubation  daily  for  JO  days  significantly 
increased  striatal  tyrosine  hydroxylase  and  mid-brain  tryptophan 

hydroxylase.  In  the  mid-brain  region,  5-hydroxy indo leacet ic  acid  was  1 

elevated  also.  ' | 

I 

A dosage  of  100  ug/lOO  g cadmium  chloride  by  the  same  route  daily  lor  | 

30  days  decreased  (12X)  activity  of  c.itechol-O-methy 1 transferase.  | 

Dopamine  and  norepinephrine  levels  in  several  brain  regions  examined  were  ] 

. . . . . . . I 

enhanced.  A significant  increase  in  the  5-liydroxy indoleacet ic  acid  level  1 

was  noted  also.  I 


I 
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Tho  autlu'is  statod  tliat  the  data  sug>;i>st  that  cadmium  acts  at  some 


1 
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I 

i 

1 

point  in  till'  si'iiucnco  ol  intracellular  events  that  lead  to  increased  | 

synthesis  and  presumably  turnover  of  brain  catecholamines  and  serotonin  j 

t 1 L’b  1 . 

Administration  of  0.21  mg/kg  CdCl,^  per  day  for  21  days  to  rats 
significantly  enhanced  the  basal  form  of  the  hepatic  cyclic  AMP  | 

( cAMP ) -synt  lies  i z i ng  enzyme  by  Wlien  given  for  45  days,  the 

fluoride-activated  adenylate  cyclase  (AC)  as  well  as  the  basal  form  were 
elevated  significantly  above  control  values  for  the  liver.  A dose  of  l.O 
mg  CdCl , per  day  for  21  days  stimulated  hepatic  AC  activity;  increased 
eftects  were  observed  in  animals  treated  for  a longer  period  (45  days). 

I'he  authors  attributed  the  elevation  in  endogenous  levels  of  cAMP  to  the 
enhanced  AC  activity  (7bl. 

Exposure  of  rats  to  "Cd"  (dosage  of  2 mg/kg  per  day  for  7 days,  not 
clearly  indicated  wliether  cadmium  metal,  cadmium  ion,  or  a compound  of 
cadmium)  Induced  hyperglycemia  with  below  normal  insulin  values  (7b). 

Daily  ip  injections  of  cadmium  chloride  (0.25  or  1.0  mg/kg)  for  21  or 
45  days  also  caused  a significant  stimulation  in  the  activities  of 
hepatic  pyruvate  carboxylase  (PC),  phosplioeno Ipyruvate  carboxykinase 
(PEPCK),  f rue tose -1 , b-d  iphos phatase  (F-D-Pase)  and  g lucose-b-phosphatase 
(C-b-Pase).  The  authors  pointed  out  that  these  enzymes  are  the  four  key 

enzytik'S  involved  in  the  synthesis  of  glucose  from  non-carbohydrate  t 

precursors.  Blood  gluose  and  urea  were  also  increased;  liver  glycogen 
was  Kiwered.  I’lie  metabolic  changes  were  dose-related,  being  greater  at 
the  higher  dose  for  45  days  than  at  the  lower  dose  for  21  days  (7b). 
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Singhal  et  al.  (7b)  also  pointed  out  that  exposure  to  cadmium  results 
in : 


o Stimulation  of  cyclic  AMI’  synthesis  i 

o Enhanced  catecholamine  synthesis 

o Abnormal  insulin  secretory  response 

o Alteration  in  the  cyclic  AMP  protein  kinase  systems  of  j 

testes  and  prostate  ^ 

( 

o Alteration  in  brain  biogenic  amines. 

A sumnary  of  the  biochemical  toxicology  of  cadmium  is  presented  by  the 
authors  in  the  table  on  the  following  page. 

Singhal  et  al.  (7b)  concluded  from  the  evidence  available  tliat 
cadmium  has  a broad  toxicologic  potential  and  that  there  is  little  doubt 
that  exposure  can  result  in  biological  changes  not  only  in  the  central 
nervous  system  but  also  in  the  organs  involved  in  reproduction, 
excretion,  and  general  body  metabolism. 
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CHRONIC  rOX I C 1 1'Y  (Loni;-torni  tests,  2 years,  or  litetime  treatment) 


5.  Behavioral  effects 


Highly  significant  differences  were  found  between  learning  disabled 
fLD)  and  nonna 1 children  in  the  amounts  of  cadmium,  cobalt,  lead,  and 
nvinganese  in  the  hair  tl’  less  than  0.001)  (.128).  K ratios  were  84. ‘>2, 
35.00,  28.32.  and  15.21,  respectively.  I'liere  was  also  a positive 
correlation  between  lead  and  cadmium  levels  tr  = + 0.53,  F less  than 
0.001).  The  hair  has  been  shown  to  be  one  of  the  avenues  of  excretion  of 
cadmium  from  the  bixly  (2).  The  authors  regarded  the  elevated  lead  and 
cadmium  levels  in  the  learning  disabled  groups  as  being  of  particular 
importance . 

8.  Bffects  on  Tissues  and  Organs  i Humans) 


Nose 


Chronic  exposure  to  cadmium  may  result  in  damage  to  the  olfactory 
apparatus  of  sufficient  severity  to  cause  hyposmia  or  total  anosmia.  I'he 
extent  of  damage  appears  to  be  dependent  on  duration  and  concentration  of 
the  exposure.  In  one  study,  olfactory  damage  was  found  in  53-8511.  of 
workers  exposed  for  10-29  years  to  cadmium  and  in  9111  of  those  exposed 
for  more  than  30  years.  In  another  survey,  olfactory  impairment  was 
found  in  375;  of  the  workers  studied.  A positive  correlation  between 
anosmia  and  proteinuria  has  also  been  found  in  workers  exposed  to  cadmium 
il). 


Teeth 


A yellow  ring  at  the  neck  of  the  tooth  has  been  observed  in  workers 
exposed  to  cadmium  and  was  at  one  time  proposed  as  a warning  sign  of 
chronic  cadmium  intoxication.  Mechanisms  postulated  include  surface 
absorption  of  cadmium,  reaction  with  sulfur-containing  substances  in  the 
saliva,  or  metabolic  conditions  (1). 
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Bono 


Jtsoaso  Kniiui  in  ooit.iin  sootions  ot  Japan  lias  boon 
attrihutoJ  to  pollution  ot  wator  and  orops  by  industrial  oadmiuni  wastes. 
Tbo  ov^ndition  appoars  to  bo  an  ostooinalac  ia  involving;  painful  joints  and 
bonos,  particularly  in  the  back  and  lojts.  A calcium  and  protein  dietary 
deficiency  and  possibly  K'w  ostro);on  levels  may  also  bo  otiologic  factors 
in  the  disease. 

Several  studios  of  industrial  workers  exposed  to  cadmium  have 
revealed  bone  changes  similar  or  identical  to  those  found  in  osteomalacia 
11). 


Lungs 


There  is  considerable  evidence  that  prolonged  exposure  of  industrial 
workers  to  c.idmium  compounds  may  result  in  chronic  obstructive  pulmonary 
disease  I emphy soma ) . In  one  group  of  workers  exposed  to  cadmium  oxide 
fumes,  severity  of  the  obstructive  lung  disorder  reipiired  hosp  i l a 1 i.’. t i on 
for  shortness  of  breath.  The  mechanism  of  cadmi urn- induced  emphysema  may 
be  related  to  cadmium's  capacity  to  inhibit  antitrypsin  activity.  Damage 
to  nerve  tisssue  has  also  been  suggested  as  a contributing  factor  in  the 
pathogenesis  of  cadmium- i nduced  emphysema  in  man  il). 


Kidnevs 


Frote  inur  ia . Kidney  dysfunction,  as  evidenced  by  proteinuria,  is  the 
most  common  abnormality  found  in  workers  chronically  exposed  tc<  cadmium. 
The  incidence  of  proteinuria  in  workers  exposed  to  c.admium  for  dO  years 
in  the  alkaline  storage  battery  industry  was  81».  One  theory  of  the 
pathogenesis  of  the  proteinuria  in  cadmium  intoxication  is  decreased 
reabsorption  of  low  molecular  wi'ight  proteins  by  renal  tubules.  It  has 
also  been  suggested  that  protein  in  the  urine  may  result  from 
interference  by  tubular-bound  cadmium  with  the  kidney's  ability  to 
catabolize  proteins  11). 


Renal  Stones.  Kidney  stones  were  found  in  44%  of  a group  of  cadmium 
workers  in  Sweden  who  had  been  exposed  to  cadmium  dust  for  more  than  15 
years.  The  stones  were  composed  mainly  of  calcium  phosphate.  Disturbed 
excretion  of  calcium  and  phosphorus  has  been  suggested  as  a possible 
mechanism  of  tlie  stone  formation  (1). 
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Cadmium  Toxicity  - Matrix 


System 


Effect 


Acute  Treatment 
( inc  lud  ing  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


1.  Hematologic 


o Hemolysis  (4). 


o Cytopathic 

effects  in  RBC 
and  platelets 
(108). 


Anemia  (mainly 
hypochromic  & 
microcytic)  (64). 


Anemia  (low 
hemoglobin  & RBC 
count)  (86,93). 
Increased 
reticulocytes  and 
eosinophils  (87). 


2.  Bone  Marrow 


o Inhibition  of 
hemoglobin 
synthesis  (109). 


No  pathologic 
changes  (humans) 
(66). 


o Hyperplasia  in  rats 
(87). 

o No  pathologic  changes 
(humans)  (66). 


3.  Immunologic 
Effec  t 


No  effects 
reported. 


o Decreased  viral 
antibody  titer 
(67). 

o Adverse  effect  on 
B lymphocytes  (125). 


o Decreased  number 
antibody-produc ing 
cells  (spleen), 
primary,  and 
secondary  immune 
responses  (88). 


Central  Nervous 
System  (CNS) 


Hemorrhagic 
lesions  in 
cerebrum, 
cerebellum, 
Gasserian  and 
sensory  spinal 
ganglia  (5,6). 


o No  effects  reported. 


Sensory,  optical, 
and  motor  nerve 
chronaxy  changes 
proportional  to 
exposure  (humans) 
(89). 


Degeneration  in 
dorsal  root 
ganglia 

mitochondria  and 
unmye linated 
axons;  glycogen 
deposits  in 
neuronal 
perikarya 
( in  vitro)  ( 7 ) . 
Degeneration  in 
cerebe liar 
ce 11s  vitro 
(110). 


o No  studies  in 

experimental  animals 
reported  (2). 


1 


a (mainly 
hromic  & 
cytic)  (64). 


tho logic 
es  (humans) 


ased  viral 
ody  titer 


se  effect  on 
phocytes  (125). 


fects  reported. 


Anemia  (tow 
hemoglobin  & Ri5C 
count)  (86,93). 
Increased 
reticulocytes  and 
eosinophils  (87). 


Hyperplasia  in  rats 
(87). 

No  pathologic  changes 
(humans)  (66). 


Decreased  number 
ant ibody-produc ing 
cells  (spleen), 
primary,  and 
secondary  immune 
responses  (88). 


Sensory,  optical, 
and  motor  nerve 
chronaxy  changes 
proportional  to 
exposure  (humans) 
(89). 


o No  studies  in 

experimental  animals 


reported  (2). 


Hemo  ly  s is 


In  vivo 


hematologic  tests 


b.  Anemia 

( Subchron ic ) 


Inh ib i t ion 
of  hemo- 
globin 
synthes is 


In  vitro 


cytotoxic ity 
test 


Bone  marrow 
d i f f erent ia  1 
(turn  over  and 
cycle  rates 


a.  Decreased 
viral  anti- 
body titer 
( subchronic) 


Immunologica 1 
tests 


None 


None 


1 


Cadmium  Toxicity  - Matrix  (Cont.) 


Sy  stem 
or 

Effect 


Acute  Treatment 
( inc  luding  jji 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment  Pre4 
(short  term  tests,  (long  term  test,  up  to  Endp 
up  to  90  days)  2 years  or  lifetime)  : 


Behavorial 

o None  reported. 

0 Significantly 

o None  reported. 

a 

Ef fee  ts 

increased 

spontaneous 
locomotor  activity 
(126). 

b 

Cardiovascular 

o Hypertension 

o Hypertension 

o Hypertension  results 

a 

Effects 

Irat)  after  1 

(rabbit);  decreased 

in  rats  inconclusive 

month  (8). 

response  to 

• • / y r,  \ 

(90,91). 

angiotensin  (68). 


o Constriction  of 
smaller,  and 
dilation  of  larger, 
renal  arteries; 
fibrosis  of 
peritubular 
capillaries  in 
rats  (70). 

o Desensitization  of 
vasculature  to 
vasoconstrictors  and 
dilators  in  rats;  no 
hypertension  (69). 


Biochemical  and 

0 Kidney. 

o Kidney. 

o Kidney.  None 

Histochemical 

Decreased 

Increased 

reported. 

Effects 

alkaline 

glucose -synthesiz ing 

phosphatase 

enzyme  activity  (71) 

activity  (18). 

Decreased 

Inhibited 

leucinami nopeptidase 

glucogenesis 

activity  (72). 

in  vitro  (16). 

Decreased  glucose 
formation  by  cortex 
slices  in  vitro 

Cadmium  Toxicity  ~ Matrix  (Cont.) 


Sy  stem 
or 

Effect 


7.  Biochemical  and 
His  tochemica 1 
Eff ec  ts 
(cont 'd) 


Acute  Treatment 
( inc luding  in 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment 

(short  term  tests,  (long  term  test,  up  to 

up  to  90  days)  2 years  or  lifetime) 


o Liver  o 

Increased  hepatic 
cyclic  AMP  (76). 
Decreased  hepatic 
phosphodiesterase 
(PDE)  activity 
(76). 

Decreased  hepatic 
glycogen  level 
(76). 

Uncoupling, 
Phosphorylation  - 
succinate, 
citrate,  DPN  in 
mitochondria 
(12,13). 


o Testes . o 

Increased 
glucogenesis  and 
lactate 

formation  (17). 


Liver . 

Increased  glucose- 
synthesizing  enzymes 
activity  (71). 
Elevated  adenylate 
eye lase 

( fluoride-activated 
and  basal  form) 

(7b). 

Enhanced  hepatic 
eye  lie 

AMP-synthesiz ing 
enzyme  (basal)  (76). 
Stimulation  of : 
hepatic  pyruvate 
carboxylase , 
phosphoena l-pyruvate 
carboxykinase , 
fruc  tose-1 , 
6-diphosphatase,  and 
glucose-6-phosphatase 
(76). 

Altered 

Phosphorylation 
(uncoupling)  in 
mitochondria  (74). 
Decreased  glycogen 
(71). 

Testes . 

Increased  adenyl 
cyclase  activity  and 
phosphod iesterase 
activity  (73). 


o Liver. 


Increased 
phosphory lase-a 
activity  (74). 
Decreased 
aldolase  activity 
(74). 


o Testes.  None 
reported . 


Pred 

Endp 


Cadmium  Toxicity  - Matrix  (Cont.) 


Sy  s tern 
or 

Effect 


Acute  Treatment 
( inc luding  in 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


Biochemical  and 

Decreased 

Decreased  cyclic 

His  tochemica 1 

glucose-6- 

AMP-dependent  and 

Eff ec  ts 

phosphate. 

AMP- independent 

(cont 'd) 

adenosinetri- 
phosphate,  and 
glycogen  levels 
(17). 

protein  kinase 
activity  (73). 

0 Prostate. 

0 Prostate. 

0 Prostate.  None 

Decreased 
alkaline 
phosphatase 
activity  (18). 
Inhibited 
succ inoxidase 
activity  (15). 

0 Increased  cyclic 

AMP  binding  to 
prostatic  protein 
and  increased  cyclic 
AMP-dependent 
protein  kinase 
activity  (73). 
Decreased  adenyl 
cyclase  activity 
and  cyclic  AMP  (73). 

reported . 

o Lung. 

Inhibited 

phosphorylation 

and  respiration 

in  alveolar 

macrophage 

mitochondria 

(14). 

0 Lung.  None  reported. 

o Lung.  None 
reported . 

o Blood. 

Increased  alpha- 
and  beta- 
globulins  (20). 
Increased 
glucose  (76). 
Increased  serum 
urea  (76). 
Decreased  serum 
albumin  (20). 


o Blood. 

Increased  glucose 
level  (71,  76). 
Decreased  calcium 
level  (79). 
Decreased  insulin 
values  (76). 


o Blood.  None 
reported . 


Predii 

Endpo: 


Cadmium  Toxicity  ~ Matrix  (Cont.) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic 

Treatment 

or 

(including  in 

(snort  term  tests, 

(long  term  test,  up  to 

Effect 

vitro  tests) 

up  to  90  days) 

2 years 

or  lifetime) 

7.  Biochemical  and 

o 

Dental  Pulp 

o Dental  Pulp.  None  o Dental  Pulp. 

His  tochemica 1 

(in  vitro). 

reported.  None  Reported 

Eff ec  ts 

J^creased  amount 

o Brain 

( cont ' d ) 

‘"^C-activity 

Increased  dopamine 

in  TCA-  soluble 

(127). 

pool  (19). 

Increased  tyrosine 

Reduced 

hydroxylase  (126). 

j^corporat ion 

Increased  tryptophan 

C-activity 

hydroxylase  (126). 

into  total 

Increased 

protein  and 

5-hydroxy indoleacet ic 

collagen;  reduced 

acid  (126). 

proportions 

Enhanced 

C-labeled 

norepinephrine 

protein  and 

levels  (126). 

collagen  and 

Decreased 

reduced 

acety Icho line 

proportion  of 

(127). 

total  ^^otein- 

Decreased  serotonin 

bound  C- 

(127). 

j^tivity  and 

Decreased 

C-hydroxy- 

catecho 1-o-methy  1 

p ro 1 i ne  in 

transferase  (126). 

medium  (19). 

o 

Inhibited 

succinoxidase 

activity  (15). 

0 

Induction  of 

thionein  (9). 

8.  Effect  on 
Organs  and 
T issues 


o Body  weight. 
None  reported. 


o Body  weight. 
Decrease  (73). 


o Teeth . None 
reported . 


o Teeth.  None 


o Body  weight.  a< 

Growth  retardation 
(95). 

o Nose . Damage  to 
olfactory  system 
(human)  ( 1 ) . 
o Tee  til . Yellow  ring 
at  neck  of 
tooth  (human)  (1). 


reported . 


p 

p Toxicity  - Matrix  (Cont.) 


Chronic  Treatment  Predictive 

(long  term  test,  up  to  Endpoints 

2 years  or  lifetime) 

I — — — 

1 

. None  o Dental  Pulp. 

None  Reported. 

i 

V 

lopamine 

lyrosine 
( (126). 
tryptophan 
( (126). 

idoleacetic 


rine 

1). 

Ine 

perotonin 


hnethy 1 

k (126). 


tatment 

^ts, 


Tests 

Recommended 


o Body  weight. 

'3).  Growth  retardation 

(95). 

I o Nose . Damage  to 

olfactory  system 
(human)  ( 1 ) . 

le  o Teeth.  Yellow  ring 

at  neck  of 

I tooth  (human)  (1). 


5 


a.  Decreased  a.  vitro  cell 

mineral  con~  chemistry  (liver) 

tent  (bone) 

( subchronic ) 

(corre lation 
with 

b iochemica 1 ) 


I 


Cadmium  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
( inc luding  in 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment 

(short  term  tests,  (long  term  test,  up  to 

up  to  90  days)  2 years  or  lifetime) 


8.  Effect  on 
Organs  and 
Tissues 
(cont 'd) 


o Bone . None 
reported. 


o bone. 

Increased  collagen 
solubility  and 
so  lub  le/  inso  lub  le 
collagen  ratio  (75). 
Decreased  total 
collagen  (75). 
Decreased  mineral 
content  (79). 
Inhibited  bone 
formation; 

osteoporotic /changed 

(121). 


o Bone . 

Increase  in  ratio 
of  calcium  to 
hy droxypro line 
(95). 

Decrease  in  weight 
of  femur,  greater 
in  females  than  in 
males  (95). 

Abnormal  proportion 
of  water  and  calcium 
(95). 

Osteoma  lac ia 
disorders  (human) 
(1). 


Thyroid . None 
reported . 

secretion  rate  (TSR) 
and  histology  of 
gland  (122). 


o Thyroid. 

None  reported. 


o Thyroid.  Adverse 
changes  in  thyroxine 


o Lung.  Edema, 
proliferative 
interstitial 
pneumonitis, 
perivascular  and 
peribronchial 
fibrosis  (25). 
Reduced 
viability  of 
a Iveolar 
macrophages 
accompanied  by 
reduced  acid 
phosphatase 
activity  and 
cell  surface 
changes  (27). 


o Lung.  None  reported. 


o Lung.  Emphysema 
(human)  (1). 


I 


6 


System  Acute  Treatment  Subchronic  Treatment  Chronic  Treatment  ?r< 

or  (including  (short  term  tests,  (long  term  test,  up  to  End 

Effect  vitro  tests)  up  to  90  days)  2 years  or  lifetime) 


S . Effect  on 
Organs  and 
T issues 
( cont 'd) 


Pancreas . 
Inhibition  of 
insulin 

secretion  (26). 


o Liver . Growth  of 
cell  cultures 
inhibited 
in  vitro  (114). 


o Pancreas . Decreased 
insulin  secretion 
and  imraunoreac tive 
insulin  release 
(77). 

o Liver . Fatty 
infiltration 
(24). 


o Pancreas . None 
reported . 


o Liver . None 
reported . 


Kidney . 

Bilateral 
hemorrhag ic 
necrosis  (21). 
Tubular  lesions 
of  nephrotic 
type  (22). 

Fat  deposition 
in  tubular 
epithelium  (24). 


o Kidney . None 
reported. 


Kidney . Tubular 
damage  in  proximal 
segment  (87,92). 
Microscopic  changes 
in  glomeruli  (92). 
Cadmium  deposition 
in  renal  cortex 
(92).  Proteinuria 
and  increased  amino 
acid  and  cadmium 
excretion  (92). 
Kidney  stones 
(human)  ( 1 ) . 


o Adrenals . None 
reported . 


o Gonads . See 
Reproductive  & 
Teratogenic 
Ef fee  ts . 


Adrenals . Increased 
adrenal  weight. 
Increases  in 
norepinephrine  and 
epinephrine  levels 
as  well  as 
increased  adrenal 
tyrosine 
hydroxylase 
activity.  (76) 


o Gonads . None 
reported . 


o Adrenals . None 
reported . 


o Gonads . See 

Reproductive  and 
Teratogenic  Effects. 


I 


/ 


Cadmium  Toxicity  - Matrix  (Cont.) 


Sy  stem 
or 

Effect 


Acute  Treatment 
( inc luding  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


Predl 

EndpJ 


9.  Cytologic  and  o Chromatid  and  o None  reported.  o None  reported.  a.  ( 

Cytogenetic  isochromatid  t 

Effects  breaks, 

trans locations , 
and  dicentric 
chromosomes  in 
human  leucocytes 
in  vitro  (115). 

o Chromatid  breaks 
and  other 
chromosomal 
abnormalities  in 
peripheral 
leucocytes  from 
Itai-Itai  disease 
patients  (116). 

o Reduced  mitotic 
index,  stickiness 
and  pycnosis  of 
chromosomes , 
stathmokinetic 
effect,  structural 
chromosome 
aberrations  in 
vitro  (117). 

o Destruction  of 
ribosomes  and 
mitochondria. 

Severe  adverse 
effects  on 
endoplasmic 
reticulum  and 
nucleus  in 
vitro  ( 118 ) . 

o No  increase 
in  dominant 
lethal  mutations 
in  mice  (28). 

8 


I 


Sy  s tern 
or 

Effect 


9.  Cytologic  and 
Cytogenetic 
Effects 
(cont 'd) 


Cadmium  Toxicity  - Matrix  (Cont.) 


Acute  Treatment 
( inc  luding  iji 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment 

(short  term  tests,  (long  term  test,  up  to 

up  to  90  days)  2 years  or  lifetime) 


o No  chromosomal 
rearrangements 
in  dividing 
mou  se 

spermatocy  tes 
in  male  parent 
or  offspring 
(28). 


10.  Molecular  o RNA  synthesis,  o None  reported.  o None  reported.  a. 

Effects  both  enhanced 

and  inhibited 
in  rats  and  in 
isolated  rat 
liver  nuclei, 
depending  on 
dose  and  time 
(30). 

o DNA  synthesis, 
decreased  in 
partia  lly 
he pa tec  tomized 
rats  (30). 

o RNA  Synthesis, 

DNA  Synthesis, 
and  RNA/ DNA 
ratio,  decreased 
in  rat  testes 
(120). 

o Cytoplasmic 
Protein 
Synthesis, 
inhibited  in 
the  rat  (29). 

o Base  mispairing, 
between  synthetic 
polyribonucleotides 
in  vitro  (119). 

9 


/ 


Toxicity  - Matrix  (Cont.) 


tment  Chronic  Treatment  Predictive 

ts,  (long  term  test,  up  to  Endpoints 

2 years  or  lifetime) 


Tests 

Recommended 


d. 


o None  reported. 


a.  Decreased 
RNA,  DNA, 
prote in 
Synthes  is 
( corre lat ion 
with  liver 
changes ) 


a.  RNA-ASE  test 

b.  Cytochrome  P450 
changes 


Cadmium  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


11.  Reproductive 
and 

Teratogenic 
Ef fee  ts 


Acute  Treatment  Subchronic  Treatment  Chronic  Treatment  Predid 
(including  Tn  (short  term  tests,  (long  term  test,  up  to  Endpol 
vitro  tests)  up  to  90  days)  2 years  or  lifetime)  1 


o 


o 


o 


Testes.  Vascular 

o 

Testes.  Decrease  in 

0 

Testes.  Slight 

a . 

Te 

damage  (34). 

weight  (73). 

changes  (10). 

da 

Capillary  stasis. 

ischemic  necrosis 

0 

Prostate.  Decrease 

o 

Prostate.  None 

b. 

Be 

of  seminiferous 

in  weight 

reported. 

(« 

tubules  followed 

(73). 

lo 

by  complete 

cc 

(10,23,31,32). 

ac 

Replacement  of 

c . 

T« 

testicular  tissue 

ei 

by  eosinophilic 

material ; 

sterility  (33). 

o Ovaries. 

0 

Ovaries.  None  found. 

o 

Ovaries.  None  found. 

Reduced  weight 

(38).  Follicular 

0 

Estrous  cycle. 

0 

Estrous  cycle.  None 

atresia  (36). 

Prolongation 

found . 

Sterility 

(81). 

(36-38).  Massive 

hemorrhage  and 

necrosis  (37). 

Behavior . 

o 

Behavior.  None 

o 

Behavior.  None 

Temporary  loss 

reported. 

reported. 

of  copulatory 

activity  (39). 

Performance . 

o 

Performance.  None 

0 

Performance.  Slight 

Reduced 

found. 

deficit  in  weight 

pregnancy 

gain  and  a slight 

rate  in  matings 

increase  in 

with  treated 

fertility. 

males  (35). 

Longevity  decreased 

(high  dosage)  or 
increased  (low 
dosage)  (98).  Loss 
of  strain  in  two 
generations.  High 
death  rateamong 
newborn.  Growth 
retardationin 
progeny  (124). 
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Biium  Toxicity 

- Matrix  ( Cont . ) 

► ' " ^ 

Treatment 

Chronic  Treatment 

Predict ive 

Tests 

1 tests, 

(long  term  test,  up  to 

Endpoints 

Recommended 

ys) 

2 years  or  lifetime) 

Decrease  in 

o Testes.  Slight 

a . 

Te  s t icu lar 

a.  Histological 

73). 

changes  (10). 

damage 

examination 

(testes) 

. Decrease 

o Prostate.  None 

b. 

Behav ior 

b.  Reproduction 

t 

reported. 

( temporary 

assessment 

loss  of 

screening 

copulatory 
ac  t ivity ) 

(Nardone-Wilson) 

c . 

Teratogenic 

effects 

None  found . 

o Ovaries.  None  found. 

eye le . 

0 Estrous  cycle.  None 

it  ion 

found . 

. None 

0 Behavior.  None 

• 

reported. 

nee.  None  o Performance . Slight 
deficit  in  weight 
gain  and  a slight 
increase  in 
fertility. 

Longevity  decreased 
(high  dosage)  or 
increased  ( low 
dosage)  (98).  Loss 
^ ofstrainin  two 

generations.  High 
death  rateamong 
newborn.  Growth 
retardationin 
progeny  (124). 


On  dm  i mil  Tox  icily 


Sy  s tom 
or 

K I t ool 


Aciilo  ■I'rojilmont 
( iiK  lud  in>;  jji 
vitro  tosts) 


Siiboinon  i c Treatmont 
tsliort  torm  tosts, 
up  to  9U  days) 


Roproiluct  ivo 

o Toratonoiiosis. 

o Te  r a t o>;e  lie  s i s . 

and 

Anopli  tlia  Im i a or 

Decreased  fetal 

Ti'r.itogon  ic 

111 i c ropli t lia  Imi a, 

weijtht  and  increase 

K 1 1 oc  t s 

dysplastic  or 

in  tetal  death  rate 

( COIlt  ' d ) 

absoiit  o.irs. 

(SO).  Decreases  in 

liydroco[)lia  ly 

size  and  weight  of 

(40). 

neonates  (SI). 

bxoiicoplia  ly , 

Fetal  anomalies  - 

absonco  ol‘  tail, 

micrognathia,  cleft 

vajtiiial  atrosia, 

palate,  clubfoot. 

sko  lota  1 

Ilia  1 to  nil  at  i oiis  ; 
abort  ion, 
liomorriiaj;  ic  , 
aiiiniotic  t in  id 
(41  ). 

All  norma  1 1 i os  in 
cart  i laj>o 

1 o nil  at  ion, 
delayed  oss  i 1 i - 
c a t i on , c 1 o 1 1 
lips  and  and 
palate  (42). 

and  small  lungs  (SO) 

Mot a bo  1 i sm 

o Absorpt ion. 

o Absorption. 

Skin.  Only  1 -2/o 

Skin.  None 

aqueous  c.'ulmium 
chloride  absorbed 
over  peri  lid  of  ‘i 
hours  (44). 

repor  teil . 

Respiratory 

Respiratory  tract. 

t rac  t . 

list  iiiiated  to  be 
10-40%  of  aiiiount 
inhaled  (2). 

None  reported. 

Oastrointest ina  1 

Oastrointest ina  1 

t rac  t . 

tract.  An 

Approx imate  ly 

est  iiiiated  2%  ot 

1-2%  absorbeil 

cadmium  ingesti'd 

after  24  hours 
(4b). 

is  absorbed  (2). 

- Matrix  (Coiit  . ) 

Ciiroiiic  'rroalmoiil 
( lonj;  torm  tost,  up  to 
2 yoa rs  or  1 i 1 o t imo ) 


o Tora  t op.onos  i s . Shar 
aiip,u  1 at  i oil  ot  distal 
th i rd  ot  tail  (124). 


o Alisorpt  i oil . Noiio 
ropor  t od . 


Cadmium  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment  Subchronic  Treatment 

(including  jji  (short  term  tests, 

vitro  tests)  up  to  90  days) 


Chronic  Treatment  Pred 
(long  term  test,  up  to  Endp 
2 years  or  lifetime) 


j 

h 


12.  Metabolism 
( continued ) 


Transport . 

o Transport.  Blood  levels 

Cadmium 

increase  steadily  to 

enters  blood 

around  1750  ng/g  and 

within  a very 

plateau  at  the  10th  week 

short  time 

during  daily  subcutaneous 

after 

administration  (64). 

exposure  via 

Thionein  involved  in 

air,  gastro- 

transporting cadmium  as 

intestinal 

cadmium-thionein  complex 

tract  or 

(123). 

inj  ec  tion 
(2).  Most 

of  the 
inj  ec  ted 
dosage 
d isappears 
from  plasma 
within  30-80 

minu  tes 
(50,51). 

In  man,  blood 
contains  only 
about  0,1% 
of  total  body 
burden  of 
cadmium  (53). 

o Transport . Mean 
blood  levels  after 
21  weeks  of  daily 
subcutaneous 
administration  were 
found  to  be 
approximately  48  ng/g 
(100). 


Tissue  o 

Tissue  Distribution  and 

Distribution 

Retention.  Liver, 

and 

kidney,  pancreas,  and 

Re  tent  ion. 

spleen  levels  of  1480, 

Liver  and 

1000,  193,  and  180  ug/g, 

kidney  store 

respectively,  were  found 

50-75%  of 

after  10  weeks  of  daily 

body  burden. 

subcutaneous  injections 

prior  to 

(83). 

kidney 

damage . 

Pancreas  and 

spleen  also 

store 

re lative ly 

large  amounts. 

(2) 

o Tissue  Distribution 
and  Retention. 

Mean  cadmium 
concentrations  in 
liver,  kidney, 
pancreas,  and  spleen 
were  188,  170,  29, 
and  10  ug/g, 
respectively,  after 
administration  in 
the  drinking  water 
f or  b months  ( 101), 
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Cadmium  Toxicity  - Matrix  (Cont'd) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic  Treatment 

or 

( inc  luding  in; 

(short  term  tests, 

(long  term  test,  up  to 

Effect 

vitro  tests) 

up  to  90  days) 

2 years  or  lifetime) 

12.  Metabolism 

0 Transport. 

o Transport.  Blood  levels 

0 Transport.  Mean  blood 

(continued) 

Cadmium 

increase  steadily  to 

levels  after  21  weeks 

enters  blood 

around  1750  ng/g  and 

of  daily  subcutaneous 

within  a very 

plateau  at  the  10th  week 

administration  were 

short  time 

during  daily  sub- 

found to  be 

after 

cutaneous  administration 

approximately  48  ng/g 

exposure  via 

(64). 

(100). 

air,  gastro- 

Thionein involved  in 

intestinal 

transporting  cadmium  as 

tract  or 

cadmium-th ione in  complex 

injection 
(2).  Most  of 

(123). 

the  injected 
dosage 

disappears  from 

plasma  within 
30-80  minutes 
(50,51).  In 
man,  blood 
contains  only 
about  0.1%  of 
total  body 
burden  of 
cadmium  (53). 

Predi 

Endpc 
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Cadmium  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


12.  Metabolism 
(Continued) 


Acute  Treatment 
(including  iji 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long  term  test,  up  to 
2 years  or  lifetime) 


o Tissue  o 

Distribution  and 
Retention.  Liver 
and  kidney  store 
50-75%  of  body 
burden,  prior  to 
kidney  damage. 
Pancreas  and 
spleen  also 
store 

re lative ly 
large  amounts. 

(2) 

o Placental  o 

transfer.  Large 
doses  of  cadmium 
may  destroy  the 
placenta  1 
barrier  and 
enter  fetus 
(2,57,58). 

o Excretion.  o 

Cadmium  is 
excreted  via 
urine,  feces, 
bile,  hair, 
and  saliva  (2). 


o Biological  o 

Half-Time. 

App roxiraate ly 
200  days 
(rodents)  to 
1.5  years 
(monkey)  (2). 


Tissue  Distribution 
and  Retention. 

Liver,  kidney, 
pancreas,  and  spleen 
levels  of  1480, 

1000,  193,  and 
180  ug/g, 

respectively,  were 
found  after  10 
weeks  of  daily 
subcutaneous 
injections  (83). 

Placental  transfer. 
Fetal  liver 
concentration  was 
more  than  twice 
that  of  controls, 
in  dams  exposed 
from  day  of 
conception  (81,  84). 

Excretion.  Daily 
urinary  excretion 
of  subcutaneous 
cadmium  was  less 
than  1%  of  daily 
dose  up  to  8 weeks 
when  the  excretion 
rate  rose  sharply 
and  reached  a level 
approximately  100 
times  that  of 
first  weeks  (83). 


Biological  Half-Time. 
None  reported. 
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o Tissue  Distribution 
and  Retention.  Mean 
cadmium  concentrations 
in  liver,  kidney, 
pancreas,  and  spleen 
were  188,  170,  29, 
and  10  ug/g, 
respectively,  after 
administration  in 
the  drinking  water 
for  6 months  ( 101 ) . 


o Placental  transfer. 
None  reported. 


o Excretion.  Urinary 
excretion  was 
insignificant  during 
first  four  montlis  of 
subcutaneous  admini- 
stration, a sudden 
increase  then 
occurred,  reaching  a 
level  exceeding  the 
daily  dose  in  some 
instances.  Fecal 
excretion  was 
slightly  higher  but 
corresponded  to  only 
6.6%  of  the  daily 
dose  after  29  weeks. 
(92) 

o Biological  Half-Time. 
Two  (2)  years  in  mice 
after  daily  injection 
for  25  weeks  (2). 
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Cadmium  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
( inc  luding  jji 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment  Pre 
(short  term  tests,  (long  term  test,  up  to  End 
up  to  90  days)  2 years  or  lifetime) 


13.  Carcinogenesis  o None  reported. 


o None  reported. 


o Injection-site  a. 

sarcomas  have  been 
produced  in  rats  by 
a number  of  workers 
(102-105). 

Metastatic  tumors 
in  regional  lymph 
nodes  and  lungs  were 
found  in  one  study 
(104). 


o Interstitial  cell 
tumors  of  the  testes 
have  also  been 
induced  in  rats  and 
mice  by  subcutaneous 
injections  of  cadmium 
chloride  (106). 

o Teratomas  or 

Sertoli-cell  adenomas 
induced  by 

subcutaneous,  intra- 
muscular, or 
intratesticular 
injection  of  cadmium 
(112). 


o Oral  administration 
of  cadmium  acetate 
to  rats  in  the 
drinking  water 
(5  ppm)  from 
weaning  until  death 
(4  years)  did  not 
cause  a significant 
increase  in  tumors 
over  the  untreated 
control  incidence 
(107). 
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pn  Toxicity  - Matrix  (Cont.) 


tatment  Chronic  Treatment  Predictive 

ists,  (long  term  test,  up  to  Endpoints 

I 2 years  or  lifetime) 


:ed.  o Injection-site  a.  None 

sarcomas  have  been 
produced  in  rats  by 
a number  of  workers 
(102-105). 

Metastatic  tumors 
in  regional  lymph 
nodes  and  lungs  were 
found  in  one  study 
(104). 

o Interstitial  cell 
tumors  of  the  tesces 
have  also  been 
induced  in  rats  and 
mice  by  subcutaneous 
injections  of  cadmium 
chloride  (106). 

o Teratomas  or 

Sertoli-cell  adenomas 
induced  by 

subcutaneous,  intra- 
muscular, or 
intratesticular 
injection  of  cadmium 
(112). 

o Oral  administration 
of  cadmium  acetate 
to  rats  in  the 
drinking  water 
(5  ppm)  from 
weaning  until  death 
(4  years)  did  not 
cause  a significant 
increase  in  tumors 
over  the  untreated 
control  incidence 


Tests 

Recommended 


a.  Sister  chromatid 
exchange 

b.  ^ vivo  and  in 
vitro  tests 
(Ames , 
Drosophila, 
etc . ) 
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t:XP£KIM£NTAL  PHOSPHORUS  TOXICITY 

INTRODUCTION 

Phosphorus  exists  in  several  allotropic  forms  of  which  the  red  and  wliite 
varieties  are  the  most  common.  both  forms  are  employed  in  combination  with 
butyl  rubber  to  produce  smoke  screens  and  signaling  smokes  for  the  military. 

On  combustion  both  the  red  and  the  white  forms  produce  a dense  white  smoke  of 
phosphorus  pentoxide  with  the  density  of  the  smoke  being  qualitatively  greater 
for  white  phosphorus. 

Red  Phosphorus.  Although  red  phosphorus  is  generally  considered  as  having  low 
toxicity,  experimental  data  to  support  this  claim  are  scarce.  No  report  was 
found  in  the  literature  regarding  its  carcinogenic  and  mutagenic  or 
teratogenic  potential  either  in  man  or  animals.  Furthermore,  information  on 
its  chronic  toxicity  in  humans  under  occupational  exposure  conditions  are  of 
doubtful  significance  because  workers  were  exposed  to  wliite  ^ nosphorus  as  well 
during  working  hours.  The  experimental  data  on  its  metabolism  remain 
unconfirmed.  No  occupational  safety  standards  have  as  yet  been  established 
for  red  phosphorus. 

White  Phosphorus.  Wliite  phospiiorus  is  highly  toxic  and  produces  a strong 

system  effect.  The  toxicity  data  on  this  element  are  certainly  more  extensive 

and  more  informative  than  those  on  red  phosphorus,  both  in  the  experimental 

and  occupational  spheres.  The  occupational  safety  standard  for  this  element 

has  been  established.  The  current  permissible  human  exposure  limits  tor  wliite 

3 

phosphorus  is  D.  Img/'m  (1).  Ilie  acute  fatal  dose  of  wliite  phosphorus  lor 
humans  is  oO  mg  but  as  little  as  15  mg  have  resulted  in  untoward  symptoms  (2). 

Acute  phosphorus  poisoning  usually  occurs  as  a result  of  accidental  or 
suicidal  ingestion.  However,  experimental  studies  have  demonstrated  that 
acute  systemic  toxicity  may  occur  as  a result  of  burns. 
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Acute  phosphorus  poisoning  symptoms  appear  in  two  stages.  During  the 
first  24  hours  there  is  severe  gastrointestinal  irritation  and  the  victim 
sometimes  dies  of  cardiovascular  failure  as  early  as  12  hours  after  ingestion 
of  a fatal  dose.  This  stage  may  be  followed  by  a latent  period  which  may  last 
from  a few  hours  to  a few  days  depending  on  the  amount  ingested.  The  systemic 
stage  is  characterized  by  abdominal  pains,  nausea,  vomiting,  hematemesis  and 
other  hemorrhagic  manifestations.  Jaundice,  hepatomegaly,  oliguria  toxic 
pyschosis,  coma  and  shock  also  occur.  There  is  severe  damage  to  the  liver  and 
kidney.  Death  may  occur  at  any  time.  Cirrhosis  of  the  liver  has  been 
reported  after  recovery  from  acute  state.  Abnormal  electrocardiographs, 
urinary  and  serum  levels  of  calcium  and  phosphate,  proteinuria  and 
aminoaciduria  as  well  as  elevation  of  serum  glutamic  - pyruvic  transaminase 
(SGPT)  are  all  indicative  signs  of  phosphorus  intoxication  (3,  4,  5,  o). 
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Chronic  phosphorus  poisoning  is  a result  of  continued  absorption  of  small 
amounts  of  white  phosphorus  over  long  periods.  Chronic  intoxication  is 
characterized  by  periostitis  with  suppuration,  necrosis,  ulceration  and 
deformity  of  the  jaw  bone.  Polymorphic  leucopenia  and  susceptibility  to  bone 
fractures  are  secondary  clinical  signs  (3,  4,  3). 
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The  oral  for  male  and  female  rats  was  reported  as  3.76  and  3.03 

mg/kg,  respectively  (7).  In  mice,  the  oral  was  found  to  be  4.62  mg/kg 

for  males  and  4.85  mg/kg  for  females  (7).  In  both  species  the  symptoms  of 
intoxication  included  anorexia,  jaundice  and  enlarged  livers,  followed  by 
death  which  occurred  over  a period  of  several  days  (7).  The  lowest  lethal 
concentration  through  the  inhalation  route  was  reported  to  be  300  mg/m"^  in 
mice  with  animals  dying  within  10  minutes  of  exposure  to  this  concentration 
(8).  The  oral  in  other  animals  has  not  been  reported. 

Since  red  and  white  phosphorus  differ  so  greatly  in  their  toxicity  to 
humans  and  experimental  animals,  their  effects  will  be  discussed  under 
separate  iivisions,  A.  Red  phosphorus  and  B.  White  phosphorus.  Their  toxicity 
will  be  discussed  under  subtitles  Acute  Toxicity,  Subchronic 

Toxicity,  and  III.  Chronic  Toxicity.  Section  will  describe  some  of  the 

pertinent  physical  and  chemical  properties  relating  to  their  biological 
e f f ec  t s . 

2 


I 


Ai.~n  1 <'  li'xiiity  IS  ill’ 1 1 iicvi  .'IS  thill  i i' .sii  1 I i iif,  limn  .i  siiij'.li-  ixpi'sui  i' , 

1 11  ) I'l' t i on  , iiiiini  n 1 s t r.'it  I on  oi  .iin' I i i;i  t i on  Iskin).  Uiuiot  .uiilo  olloils  will 

;i  1 so  ho  inoliuioil  >ii_vit2_^  ohso  i v.i  t i ons  . Siihoh  i on  i o loxioilv  is  oolinoil  .is 
I hilt  rosnltMi)',  limn  iO|u‘;itoil  I.  oonl  i nuon.s  oi  i nt  oi  ml  t I onl  1 t i o;it  i-.ont  ihii  iiii,  .i 
4t)-il.iy  ox|H’i' uni’ll  I ;i  1 |H’i  ion  oi  loss  tsiioit  I o i in  tosts);  oliionji  toxuils  is 
ilo  t I Ill’ll  .IS  thill  1 osii  I t i II}’,  1 I oin  oonliniuui.s  t lo.il  inont  ovoi  .i  |>oi  i ml  ol  . vi’.ii.’. 
oi  moil’  tloii}'.  1 1’ 1 111  lost:;  I'l  1 i 1 ol  i mo  tosts). 

Ivi’ioiil  oxiiinplos  will  ho  so  1 oo  t on  to  illusti.ito  toxio  oiul  I'oinis. 

Intiiimiil  uni  Smnoi’s.  llio  i n t oi  nuit  i on  oon  t ii  i lu’il  in  tlu’  hi'iiv  ol  this  in'iumonl 

is  ilorivi’il  I oiin  I ho  lollowiii}’.  soiiroos. 


o 

I’l  oh  1 

(MU  l>4 

’1  init 

ion  St  inly 

on  I'o 

0 iipii  1 1 on.i  1 111’. 

.1  1 1 h .iiiii  S 

;i  lots 

As  poo  1 ;. 

1'  t 

I’hi'sphorns  Sinolu’  A}’.onls. 

lloonmont  pi  o|>;ii  oil 

hv  I’'!  iinlv  1 

1 n In 

si  1 1 n 1 o 

Kosoiiioh  1 

.iihor.i  t o 1 V iiiiilo 

i loiil 

liiot  No.  I'AMli 

- 1 /■-//■- 1 - 

/tl.'t) 

tor  U.S. 

Ai  1 

Mi’ii  1 1* 

.1  1 K( 

’so.iro 

h iinil 

Dk'V 

o 1 opino 

111  lominiinn,  W, 

ilsh  1 11},  1 on  , 

li.  t . 

1 '1 ; / . 

o 

Miimin.i 

1 1 i\\\ 

lox  i o 

ii  1 oj’.y 

.liul 

1 OM  0 

i t V to  Aipi.i  1 1 

0 I'l  )'.iin  1 sni 

IS  ol 

I'On  1 

Inipor 

t .nit 

1 ypos 

o I Wii 

1 1 1'  1 

hoi  no 

• Inn  1 1 1 ons  I’o  1 1 n I .in  1 s - 

Nl  IS 

All-  / /h  / 

*'  . 

I't/n. 

o 

t il  ill 

l (Ml  r; 

1 iloni 

1 1 i I’ll 

Ihr 

mii'.h  .1 

1 1 .loo  1 .11  1 oo 

i . 1 t ('  1 a t u 1 

O iil'.l 

roll . 

4' 

Oooii|' 

• It  1 oiiii  1 1)  i 

.Sl’il.SOS 

t •> 

tin  1 ill’ 

t o t ho  1 1 koo 

or.ii  1 ( 1 nil . 

liov  1 

son  I’.ilil 

i on 

1 '» /■  /■  . 

UiiKW.  I’.il 

. M. 

M. 

kov  , A 

. I-',  honsolio  1 , 

.1  . I>ul  1 t'  1 

. k.  N 

• h > S'.o  . 

1 . K 

I'.ihor 

shiiw. 

HiM 

r 1 X . 

riio 

port  1 

iionl  o 

■ t l 4' 

0 Is  o 1 

lioil  iiiul  lih  1 1 

i*  pnns  phiM 

u •;  k iMi  ( .1  1 iw 

I n 

lU 

is  ili>oiiinonl  wi 

1 1 ho 

siinnn.i  i 

i i' 

11  t .‘iOO 

.1  pi'oiiiloii  ni.il 

I 1 \ , wlu‘  \ 

1*  i'  \|M'  1 i im*n ( .1 

1 

l\\\ 

im.i  1 

ilii  t .1 

W4'  1 1* 

not  1 

no  1 lino 

il  i 

11  hot  h 

till’  loxi  .inn 

t 111'  i.ui  t r 1 

N . 

I 


t 


A. 


KtU  I’HOSHllOkUS 


I 

f 

i 


I 


I 


■i 

:i 


i 

■( 


I 

! 

I 

I.' 


1.  ACU'i'b.  ’i'OXiCllY  ( i lie  1 lid  1 ii{>  ^ v i t I'o  tests) 

1 . Uematolo>;ic  kttects 

Leucopeii i a . Single  doses  ol  lOU  iiig/kg  ot  red  pliospliorus  given  iv  to 
rabbits  resulted  in  decreased  leucocyte  and  erythrocyte  counts  within  hours  ol 
treatment.  both  parameters  declined  progressively  with  time  with  all  treated 
animals  succumbing  between  tlie  bth  - 6th  post-treatment  day  ly). 

No  intormation  was  tound  on  humans. 

2.  bone  Marrow  Changes 

No  intormation  was  available  in  experimental  animals  or  humans. 

J.  liimiuno  log  ic  61  tec  t s 

No  intormation  was  available  in  experimental  animals  or  luimans. 

4.  Central  Nervous  System  (CN6)  httects 

Rabbits  given  single  injections  ol  lOU  mg/kg  ol  red  phosphorus  into  the 
jugular  vein  showed  a loss  ol  appetite  by  the  Jrd  day  and  died  by  day  0-6  ol 
the  experiment  I'D. 

b.  behavioral  tltects 


See  CNS  ellects  lor  experimental  animals.  No  intormation  was  tound 
regarding  behavior  in  humans. 
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0.  Cardiovascular  tltects 


No  intorination  was  touiid  on  experim  uita  I animals  or  tiumans  regarding  itie 
etiect  ot  red  phosphorus  on  the  cardiac  muscles,  pericardium,  blood  pressure 
etc . 


7 . biochemical  and  histocheiiiical  Changes 

No  inlormation  was  lound  regarding  enzymatic  changes  induced  in  either 
experimental  animals  or  humans  by  red  phosphorus. 

b . Ett'ects  on  body  Weight,  Tissues  and  Organs 

body  Weigiit;  None  Keported. 

Liver : Extensive  tatty  degeneration  was  observed  in  rabbits  tollowing  iv 

injection  ot  100  mg/kg  t9). 

Kidney ; Fatty  degenerative  clianges  were  lound  in  tlie  kiilney  lol  lowing  iv 
injection  1100  mg/kg)  ol  rod  phosphorus  into  rabbits  1 ) . 

Sp  leen ; hyperplasia  in  splenic  tissue  has  been  r.'ported  as  a result  ot 
acute  red  phosphorus  injections  1100  mg/kg)  into  rabbits  1 V ) . 


Pen  i ta  1 ; hyperplastic  changes  were  observed  in  tlie  testes  and  ovaries  ot 
rabbits  subjected  to  acute  iv  injections  ol  red  phosphorus  1100  mg/kg)  ISO. 


^(ij_n:  Nerve  cell  degeneration  was  observed  in  rabbits  given  100  m^t/kg  iv 

dose  ot  red  phosphorus  IV). 

There  is  no  inlormation  on  the  acute  ettects  ol  red  plK>sphorus  on  human 


tissues  and  organs. 


9 . CytoIoKic  auU  Cy to>teno t ic  b.ttecls 


I'here  is  no  information  available  in  tlie  literature  on  the  acute  toxic 
ettects  ol  red  pliosphorus  on  tlie  cliromosomes  ot  experimental  animals  or  humans. 

lU.  The  Molecular  t fleets 


No  information  was  lound  regarding;  the  ettects  ol  red  pliosphorus  on  the 
DMA,  KNA  and  protein  synthesis  in  vivo  or  in  vitro  test  in>t  in  experimental 
animals  or  in  humans. 

1 1 . Embryonic  and  T'eratoRenic  httects 

No  studies  have  been  reported  in  the  literature  on  the  possible 
embryo letha 1 and  teratogenic  ettects  ol  red  phosphorus  in  experimental 
animals.  Nor  are  there  any  reports  on  tetal  deaths  or  abnormalities  in  humans 
due  to  acute  accidental  fsuicidal)  phosphorus  exposure. 

12 . Metabol ism 

Ualhamn  and  llolnia  (1)  studied  the  distribution  and  excretion  ot 
J2P-labeled  red  phosphorus  aerosol  10.40  microns)  in  1^)  mice  Isex,  age  not 
given).  T'he  mice  were  exposed  to  b iiig/m'^  concentrations  in  an  inhalation 
chamber  tor  one  hour  and  sacriticed  at  time  intervals  varying  1 1 oiii  0 to  10 
days  following  exposure.  Autoradiographic  measurements  ot  wliole  sectioneil 
mice  revealed  highest  radioactivity  in  the  respiratory  aiul  digestive  tracts 
immediately  after  exposure  10  time).  No  activity  was  detecteu  in  the  upper 
respiratory  tract  20  minutes  alter  exposure  .'ind  alter  2 days  the  lung  was  t he 
only  organ  which  showed  some  radioactivity.  The  iik't abo  1 1 sni  ot  phosphorus  was 
not  discussed. 

There  is  no  in torm.U  i on  in  the  current  literature  on  absorption, 
distribution  and  excretion  ol  red  phosphorus  in  liuiiians. 
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ll.  SUbCHRONlC  lUXlClIY  I Short  term  tests) 


No  intomiatioii  was  tound  regarding  subchrouic  studies  ou  red 
phosphorus  ou  laboratory  animals  in  any  ot  tlie  categories  listed  under 
the  acute  studies.  Nor  were  any  data  tound  in  the  litera 
subchronic  toxicity  ot  red  phosphorus  in  humans. 


ture  related  to 


111.  CHRONIC  TOXICITY  (Long  term  tests) 


Only  one  animal  study  relating  to  chronic  toxicity  ot  red  phosphorus 
was  iound  in  the  literature  (9).  The  results  of  this  study  indicated 
that  animals  exposed  to  red  phosphorus  showed  acute  parenchymatous  or 
interstitial  nephritis,  alopecia  and  desquamation  of  the  skin.  However 
the  study  could  not  be  properly  evaluated  because  the  dose,  species,  and 
duration  of  exposure  were  not  given. 

Another  report  based  on  chronic  exposure  of  a 40-year-old  man  in  a 
plant  wtiich  converted  wliite  phosphorus  to  red  phosphorus  is  questionable 
because  of  the  circumstances  under  which  the  patient  worked  (11). 
Osteomyelitis  of  the  mandible  diagnosed  in  this  patient  was  attributed  to 
the  presence  ot  unconverted  white  phosphorus  during  the  manufacture  ot 
red  phosphorus. 
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IV. 


l^hYSlCAL  AND  CHKMICAL  i’KOPhK'i  1 liS 


Red  ptiosphorus  is  the  other  class  ot  solid  allotropes  ol  phosphorus, 
alter  white  phosphorus,  liaving  some  coiiuuercial  importance.  It  is 
prepared  commercially  by  heating  white  phosphorus  at  about  hUU^'c  lor 
several  hours.  Iodine,  sullur  or  sodium  may  be  used  as  a catalyst.  Red 
phosphorus  as  prepared  by  coiiuuercial  processes  is  almost  entirely 
amorphous.  Red  phosphorus  prepared  by  various  methods  exhibits  ditierent 
properties.  the  melting  point  is  reported  to  range  trom  1)6 j-oOU'‘'c ; and 
measureu  densities  have  been  tound  to  vary  between  2.0  and  2.4  g/cm^; 
tlie  color  ol  red  phosphorus  is  tound  to  vary  I rom  a dee]'  scarlet  to 
briiwii,  and  to  violet,  dejiending  on  tiie  method  of  preparation.  As  many  as 
six  mod  i 1 i cat  i ons  ol  red  phosphorus  may  exist  but  not  all  ot  tliem  are 
structurally  characterized.  11U0,1U1) 

the  physical  properties  ol  red  I'hosphorus  are  given  in  lable  1. 
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Table  1 


PHYSICAL  PROPERTIES  OF  RED  PHOSPHORUS  (100) 


Appearance : 

Melting  point  (triple  point): 

Bo il ing  point : 

Ignition  temperature: 

Density : 

Heat  of  sublimation: 

Heat  of  combustion  (amorphous): 

(crystalline) : 

So  1 ub  i 1 i t y : 


Reddish-brown  amorphous  powder 
(commerc ial) 

i>90°C  at  43.1  atmosphere 

280°C 

200*^0 

2.31  g/cm^ 

19.7  - 28.8  Kcal/mole  P^ 

703.2  = 0.5  Kcal/mole  P, 

b97.7  = 0.4  Kcal/mole  P, 

4 

Very  slightly  soluble  in  cold  water, 
insoluble  in  organic  solvents,  soluble 
in  phosphorus  tribromide. 


Red  phosphorus  is  relatively  less  reactive  than  white  phosphorus.  It 
is  stable  in  air  and  ignites  only  wtien  heated  in  air  at  2oO°C.  At 
normal  temperatures  and  humidities,  red  phosphorus  reacts  slowly  with  the 
water  vapor  and  oxygen  in  air  to  form  phosphine  and  a mixture  of  oxyacids 
of  phosphorus.  This  slow  oxidation  is  exothermic  and  is  accelerated  by 
an  increase  in  temperature.  Traces  of  copper,  iron,  silver,  nickel  and 
bismuth  catalyze  the  oxidation  of  red  phosphorus  by  moist  air.  Red 
phosphorus  reacts  with  atmospheric  oxygen  to  give  phosphorus  pentoxide  as 
the  major  product  which  is  then  converted  by  the  moisture  in  air  to 
phosphoric  acid.  11U0,1U1) 

The  reactions  of  red  and  white  phosphorus  are  similar.  Red 

/ 

phosphorus  reacts  with  aqueous  alkali  to  give  phosphine,  combines  with 
halogens  to  give  tri-  or  pentahalides  and  witii  sulfur  to  give  sulfides. 
Phosphides  are  produced  by  reaction  with  metals  and  non-metals.  (lUO) 


u. 


WHlTt.  PHOSFhOKUS 


1.  ACUTE  TOXICITY  (including  in  vitro  observations) 


1 . Hematologic  Ettects 

Leucopenia  - Neutropenia  (Humans).  Buckanan  et  al.  (12)  injected  J 
dogs  (breed  not  indicated)  with  O.A  mg/kg  of  white  phosphorus  in  peanut 
oil  subcutaneously  (sc).  Three  days  later  the  dogs  showed  hematemosis 
and  died  by  the  bth  day  post  treatment.  Examination  of  the  blood  during 
intoxication  did  not  reveal  any  leucopenia.  In  one  case  of  human 
poisoning  where  a 21-year-old  man  ingested  21.4  mg/kg  of  white  phosphorus 
(oO  g of  rat  poison  containing  2.33;  of  wiiite  phosphorus),  marked 
leucopenia  and  neutropenia  were  observed  (13).  This  observation  was 
later  confirmed  by  others  (2). 

Leucocy tos is  (Humans).  Hizenshstaut  et  al.  fl4)  studied  the  acute 
toxicity  of  phosphorus  vapors  in  industrial  workers  exposed  to  0.U33  rag/ 1 
of  wliite  phosphorus  and  0.22  mg/ 1 of  phosphorus  pentoxide  tor  2-0  hours 
at  7.0  hour  intervals.  Six  to  20  hours  later,  workers  complained  of 
headache,  vertigo  and  chest  pains.  blood  examination  revealed  an 
increase  in  leucocytes  (9,330-14,300)  and  neutropliils  (o9-S0*).  In  other 
instances  there  was  an  increase  in  lympliocytes  and  nxniocytes  (2). 

Erythrocytosis  (Human).  Uiaz-Kiveral  et  al.  (2)  observed  an  increase 
in  red  blood  cell  number  in  liumans  exposed  acutely  to  white  phosphorus. 
The  increase  appeared  earlier  during  intoxication  and  persisted  at  t imt's 
for  as  long  as  14  days  even  in  the  presence  of  sufficient  hydration. 

Most  workers  believe  that  changes  in  the  blood  picture  (such  as 
described  above),  with  the  exception  of  the  blood-chemistry  aberrations 
of  hyperphosphatemia  and  hypocalcemia,  are  too  general  and 
uncharacteristic  and  may  not  necessarily  indicate  phosphorus  poisoning 
(2,4). 
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I KibrinoRen.  Wliipple  et  al.  (15)  reported  on  a case  where  a tox 

{ terrier  (male)  was  given  a single  injection  of  10  mg  of  white  phosphorus 

subcutaneously.  Seven  days  later  a blood  sample  was  taken  and  the  plasma 
was  found  to  clot  normally  but  the  dot  was  decidedly  flabby,  indicating 
a drop  in  fibrinogen.  The  animal  was  very  sick  and  was  sacrificed. 
Autopsy  was  performed  at  once.  Again  the  blood  clotted  but  the  clots 
formed  soft  jelly  like  masses,  indicating  very  little  fibrinogen. 

Massive  Hemolysis  (Human).  Massive  hemolysis  was  reported  in  one 
patient  who  suffered  white  phosphorus  burns  over  29X  of  his  boay  when  a 
grenade  containing  white  phosphorus  exploded  at  his  feet  (lb).  Seventy- 
two  hours  after  the  injury  the  patient's  hematocrit  dropped  from  lb  to 
Hi,  and  the  hemoglobin  declined  from  7.9  to  4.1  g/ 100  ml.  The  plasma 
hemoglobin  was  4 g/ 100  ml  and  the  urine  supernatant  hemoglobin  was  4.7 
g/100  ml. 

The  hemorrhagic  manifestations  of  acute  phosphorus  toxicity  are 
described  in  Section  S.  They  all  have  their  origin,  apparently,  in  the 
fatty  changes  wliich  occur  in  the  coats  of  the  arterioles  and  are  not  due 
to  blood  changes. 

2 . Bone  Marrow  Changes 

No  reports  were  found  on  the  acute  effects  of  white  pliosphorus  on  the 
bone  marrow  in  experimental  animals  or  humans. 

I 3.  Immunologic  Effects 

i 

I 

I No  reports  were  found  on  the  acute  effects  of  wljite  phosphorus  on  the 

immunologic  system  in  experimental  animals  or  humans. 

i 

4.  Central  Nervous  System  (CNS)  fcftects 

bowen  ct  al.  (17)  induced  white  phosphorus  burns  on  shaved  backs  of 
rabbits  anesthetized  with  ether  (130  animals)  using  the  Standard  Wliite 
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Phosphorus  Burn  (SWPB)  procedure.  The  burn  time  was  limited  to  1 minute 
and  the  amount  of  white  phosphorus  used  to  produce  the  burn  was  10  mg. 
Death  occurred  in  bb%  of  the  animals  with  IB  hours  post-burn.  Death  was 
preceded  by  shivering,  twitching,  loss  of  appetite,  poor  response  to 
stimulation  and  depression.  These  changes  were  usually  evident  within  4 
hours  of  treatment.  No  pathologic  observations  were  reported. 

Takeya-Siko  (18)  administered  phosphorated  oil  containing  white 
phosphorus  to  dogs  (8  animals)  and  studied  the  effect  on  the  brain 
structures.  The  animals  showed  strong  hyperemia  and  congestion  of  the 
meninges,  hemorrhage  in  the  midbrain  and  hindbrain,  damage  to  ganglion 
and  glial  cells  and  extensive  subarachnoidal  hemorrhage. 


Wertham  (19)  reviewed  the  literature  of  histopathological 
investigations  in  clinical  cases  relating  to  acute  phosphorus  poisoning 
and  its  effect  on  the  CNS.  A range  of  effects  such  as  parasthenia, 
delerious  states,  acute  excitement,  psychosis  and  coma  were  noted. 
Pathologic  findings  included  hemorrhage  and  softening  of  the  subcortical 
gray  matter,  paralysis  of  facial  nerve,  pronounced  fatty  degeneration  of 
the  brain  cortex,  destruction  of  ganglion  cells,  severe  damage  to  the 
inferior  olives  (incrustations  of  the  outer  Golgi  nets  of  ganglion  cells) 
and  hyperemia. 

Winek  et  al.  (20)  noted  depressive  neurosis  in  a 4!>-year-old  man  who 
ingested  rat  paste  containing  35i  white  phosphorus. 

5.  Behavioral  Effects 

See  CNS  effects. 

b.  Cardiovascular  effects 

In  humans  regional  cerebral  arterial  hypotension  was  reported  in  4 of 
5 patients  following  exposure  to  wtiite  phosphorus  vapors  (0,03b  mg/1)  tor 
2-b  hours  at  7-houi  intervals.  The  brachial  arterial  pressure  was 
120/bO  - 140/90  mm  Hg  and  the  maximal  recorded  in  the  temporal  arteries 
was  13-30  n«T>  Hg  in  all  four  patients  (14). 
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bowen  et  al.  (7)  studied  the  effect  of  wliite  phosphorus  burn  on  the 
cardiovascular  system  of  130  rabbits.  The  burn  was  produced  by  the 
standard  method  (see  tINS  effects).  Electrocardiographic  tracings  were 
made  hourly  for  the  first  12  hours  postburn  under  light  sedation. 
Abnormalities  were  observed  in  70%  of  the  animals  within  1 hour  postburn, 
and  these  consisted  of  prolonged  Q-T  interval,  S-T  segment  depression, 
l-wave  changes,  brachycardia  and  low  voltage  of  the  QRS  complex. 
Ventricular  arrhythmias  were  not  observed. 

Winek  et  al.  (20)  reported  on  two  patients  wlio  had  ingested  3%  white 
phosphorus  in  rat  paste  and  later  died  of  cardiopulmonary  failure. 
Newburger  et  al.  (13)  found  a similar  reaction  in  one  patient  who  had 
ingested  60  g of  rat  paste  containing  2%  of  white  phosphorus. 

Talley  et  al.  (21)  reported  a case  of  poisoning  in  which  13.7  mg/kg 
of  white  phosphorus  ingested  accidently  produced  a pulse  rate  of  110/min 
with  a systolic  pressure  of  60  mm  Hg.  The  electrocardiogram  revealed 
arterial  fibrillation  with  wide  slurred  QRS  complexes.  Chest  X-rays 
showed  diffuse  cardiac  enlargement.  Death  due  to  cardiac  arrest  occurred 
22  hours  after  ingestion  of  poison.  Other  abnormalities  observed  in 
instances  wtjere  2.3  - 8%  wliite  phosphorus  was  ingested  ini  ide  abnormal 
P-waves,  prolonged  P-R  intervals,  delayed  intraventricular  conduction, 
nodal  rhythms,  prolonged  Q-T  intervals,  abnormal  S-T  segments,  T-wave 
changes  and  ventricular  fibrillation  (22,  23).  Death  in  all  instances 
was  usually  due  either  to  peripheral  vascular  collapse  or  cardiac 
standstill  (2). 

7.  Biochemical  and  Histochemical  Effects 


Serum.  Rabbits  receiving  the  SWPB  (17)  showed  a decrease  in  serum 
ca Ic ium  and  increase  in  serum  phosphorus.  In  similar  studies  in  rats 
where  the  SWPB  was  induced  with  10  and  30  mg  of  white  phosphorus,  Ben-Hur 
et  al.  (24),  Ben-Hur  and  Appelbaum  (25)  and  Appelbaum  et  al.  l.2o) 
observed  a rise  ip  serum  phosphorus  within  2 hours  postburn  which  reached 
more  than  twice  the  normal  level  by  24  hours  postburn  (normal  level  4.3 


mg  %i  burned  level  11  mg  %).  More  than  66%  of  the  burned  rats  (10  of  13) 
had  elevated  plasma  urea  nitrogen  (PUN)  values  above  100  mg  % (noroial, 
10-12  mg  %)  and  low  sodium  value  ( 125-130  mi  1 liequiva lents/ 1)  as  compared 
to  controls  (135-143  millequivalents/ 1) . Potass ium  values  were  also  in 
excess  of  control  levels  (8  milliequivalents/1  vs  normal  4-5 
mi  1 liequiva lents/ 1 ) . Serum  glutamic-pyruvic  transaminase  (SGPT)  activity 
was  significantly  elevated  (100  units/ml  vs  normal  10  units/ml)  in  all 
animals.  A transitory  decrease  was  observed  in  creatinine  blood  levels 
at  72  hours  but  this  gradually  returned  to  normal  by  the  5th  postburn  day. 

Bodansky  (27)  studied  the  effect  of  white  phosphorus  on  the  glucose 
levels  in  the  blood  of  a female  dog  which  had  been  injected  sc  with  0.38 
mg/kg  of  the  element  dissolved  in  olive  oil.  The  blood  sugar  level 
assessed  prior  to  treatment  was  0.096%.  Three  days  after  treatment  it 
was  0.108%.  The  animal  was  then  given  a second  dose  of  0.38  mg/kg  of 
white  phosphorus.  Three  days  after  the  injection  the  glucose  level  was 
0.068%.  Although  no  statistical  evaluations  were  made,  it  appeared  that 
white  phosphorus  did  not  influence  the  level  of  glucose  in  the  blood  of 
the  dog  significantly.  A small  increase  was  also  seen  in  creatine  and 
creatinine . 

Huraya  (28)  injected  rabbits  sc  with  0.5  mg/kg  of  white  phosphorus 
and  determined  total  nitrogen,  residual  nitrogen,  total  fatty  acid  and 
cholesterol,  and  polypeptide  nitrogen  in  the  blood  at  various  times  (8, 
lb,  24,  32,  40  and  48  hours)  after  the  injection.  The  most  significant 
change  was  the  increase  in  the  amount  of  non-protein  nitrogen.  The  fatty 
ac id,  cholesterol  and  lecithin  remained  normal,  while  the  ethereal 
sulfate  increased  considerably.  The  amount  of  polypeptide  nitrogen  and 
total  residual  nitrogen  remained  normal  tor  48  hours  and  then  decreased 
as  the  damage  to  the  kidney  became  apparent.  These  changes  in  blood 
chemistry  reveal  that  the  products  of  autolysis  in  liver  cells  are 
flooded  into  the  blood  stream,  while  the  fat  content  remains  normal.  The 
fatty  infiltration  in  the  liver  and  kidney  wtiich  always  accompanies  white 
phosphorus  intoxication  probably  results  trom  the  inability  of  the  cells 
of  these  organs  to  manipulate  the  incoming  fatty  substance. 
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total  ci'ojos^'ioj  incioasos  wi'io  not  lomatkahlo  1 1'  loss  than  U.tl.'). 

S i>;n  1 t leant  phosphM  ipj  it  incioasos  woro  soon  at  Ih  honis  aiiil  allot  ah 
hours  (p  loss  than  tl.DOl).  Variations  at  2-t  ami  In  hours  woro  not 
si);n  i 1 leant  . I'li  i rt  y-s  ix  hours  post -t  roatmont  appoaii'J  to  ho  tho  t imo  at 


t 


I wli  u It  s loa  t i>s  I s " waa  apt  im.it  Hiiut*  omip  1 1 1' a 1 u<ii  :<  .ippc.i  i i-tl  I.Uim. 

till*  aiUtuMS  i' >>iu' I iivtcil  t liat  ptiosplim  ii.s- i lultu  isl  ati'atuhis  wa^  iiuiat  likt-lv 
iu>C  iliu‘  (ii  an  MU'K'.isf  >>  I iiitialu'pal  U'  t>  i t>a  y lU  lio  s i .s  i>l  li  i^lvi'fi  itli-.i, 
siiu'v  iK>  iiiitfaHi-  w.i.s  oi'siM  vi'il  III  tin-  ai'Civitv  I'l  t lif  two  fii/yiiu-h, 

>;  liiiDso -ti-plioapliat  o ilcliyili  oi^oii.i.si'  aiul  1 1 lu  I i>Mf  - I -li -it  i plio.splia  1 1-  aUlulaaf, 
iiivolvi'il  111  I lu'  l>  1 o^ciio  (t  I s nl  t lu'Sf  I'ompoiiiiil.s  . 

Stiiilif.s  on  1 a<.l  iiiai.' t I vf  i no  oi  pot  a t i on  ol  tiiliatfil  palmitato  tot  lowing', 

pliii.splioi  ns  I lit  I oat  1 i>n  in  i a t .s  tit)  iii>;/kK,  so)  i'on  t i i iiunl  t lio  at>ovo 

losnlts.  A si^nilioant  ilooioaso  in  tiUal  1 1 i^  1 vi  t‘ i i ilo  pioilintion  at  1 '> 

Inuiis  attoi  ptiosptiorns  ailiii  i n i s t i a t i on  was  iit>si‘i  veil  .iiul  lioi.imo 

pi  I o ss  I vt‘ I y ^loatt'i  witli  t mu*  tsi^nilioant  at  Inniis).  lliis 
iftlootoil  a p 1 lO  s s 1 VO  o t t 00  t on  t lio  o s t o i i 1 i o 1 1 U<n-p  i ooi' ss  lo.nluif;  to 

till'  null  o lapiil  tnoioaso  vil  "tif«*  ti  i^lvooi  iiios"  ainl  1 1>  lu’p.it  u .stoatosis 

t 1-:  ). 

Aoiilo  plK'sptionis  ti'xioity  iiulnooil  l>y  t.itty  intiltiation  ainl/oi 
tli'^oiio  I at  1 on  ot  livoi  ot  rats  w.is  stiulioil  I'y  I'.ini  ot  .it.  t )').  Kom.ilt- 
y lats  t nniiiboi  s lu't  spi-oitioil)  ooooivovl  It)  m(;/k^  v'l  wliito  plii'splioi  ns  by 

stoiiiaoli  intnl'ation.  llio  animals  woio  killotl  I.'  Iionis  attoi  tio.itmont  ainl 
tlio  liopat  10  ilioiio  oon  |ii|;at  1 on  in  mioiosom.il  lipiils  as  wo  1 1 .is  tlio 

po  ly  1 ibosoma  1 pattoiii  aiivl  total  lipul  was  stiulioil.  Ilio  losnlts  sliowo.l 
ttiat  tlio  ti  inlyoi'inios  l>oj;in  to  .loonmnlato  in  tin'  livoi  ■»  lionis  p»>st- 
tioatmont  w 1 1 ti  tlio  aoonmn  1 at  u>n  loaoliiny,  .i  m.ix  imnm  by  1..’  Iioni  s piist - 
tioatmont.  lo  .isoortain  wiiotlioi  I i p ul  poi  ox  i ila  t i vo  ilooomposil  ion  w.is 
iiwolvoil  111  tlio  moolianism  ot  pliosplioi  ns  i n t ox  i o .i  t i imi,  lats  wi'io 
pi  «■  t loa  t ml  tip)  witli  ptioiiobai  b 1 1 1>  1 tl’b)  tbl)  ni>;/k>;)  oi 

N- N ' -il  1 phony  1 *p“plionv  1 onoil  i .imi  no  tl'l’l'l')  t “it)!)  m^/k^;)  piun  t plu'splu'i  ns 
lilt  OK  loat  1 on  . llop.it  10  ti  ip,  tyiOi  uU's  ainl  nlti.iviolot  absoi  pt  ion  spovtia 

ot  mioiosom.il  lipuls  woit-  stiulii'ii.  IHMUi  taiUnl  t ><  o t 1 oo  t t ho  h.im.ipo 
pionnomi  by  plu'sphoins  ainl  I’b  .1  ul  not  oansi'  a Inithoi  iinioaso  in 
1 1 ip  1 yooi  1 ilo  aoonmn  1 at  1 on  in  t ho  livoi.  Ihoio  was  nv'  ovulonot-  ot  lipul 
H po  1 ox  ul.i  t 1 on  in  oithoi  ot  tin'  piotio.itoil  pu'nps  ol  anim.ils  as  Ui'toimino.l 


I') 


by  iliono  oiin|npalU)n  absoi  pt  ion. 
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I liiirwitz  04)  caiiH*  ti>  a similai  coui' Ins  loii  in  nils  and  mico 

intoxicated  witli  2-7.“)  mn/k^  ol  pliospliorus . However,  it  the  animals 
received  ptielharb  it  a 1 l‘)t)-7'>  iiif;/k^/day ) soon  I12-lb  hoiiis)  alter 
phosphorus  intoxication,  the  rise  in  su  1 1 oh  roiiio-pht  lia  le  in  tbiil’)  induced 
hy  the  toxicant  returned  to  normal  rapidly. 

Johlinj;  et  al.  tJ!>)  studied  esterase  activity  in  the  liver  ol  one  do>; 

I 

! poisoned  sc  with  3 milliliters  ol  phosphorus  oil  (amount  ot  while 

I phosphorus  not  niven).  llie  animal  was  killed  3 houis  alter  the  injection 

and  the  liver  assayed  lor  its  esterase  activity.  bsterase  activity  was  ’ 

also  determined  in  untreated  controls.  I'tu'  liver  ol  the  phosphorus 

treated  do>;  showed  marked  tattv  deneiieral  ion  and  decreased  esterase  ‘ 

activity.  Similar  observations  were  made  by  Whipple  et  al.  (lb)  and 
I Ca 1 1 1 ano  ( Jo  ) . 

One  hundred  and  six  male  Wistar  rats  were  ^;iveii  by  gastric  intubation 
It)  microcurie  ol  mixed  with  /.b  mg/kg  ol  unlabeled  phosphorus  in 

mineral  oil.  Ihe  control  received  ,‘iju  i va  1 eiil  .imounts  ol  mineral  oil 
alone.  Ihe  rats  wi're  killed  at  4,  12  and  24  hours  alter  treatment  and 
the  livers  assayed  lor  g lucose-b-phosphat ase  activity  in  the  microsomes. 

At  4 hours  there  was  no  signilicant  dillerence  in  enzyme  activity  between 
till-  control  and  treated  animals,  but  at  12  and  24  hours  post -t  reatment  a 
signilicant  increasi*  (p  less  than  0.02b  and  p less  than  0.01, 
respectively)  in  activity  was  noted  in  the  treated  versus  the  control 

an ima 1 s ( 3/  ) . i 

hiieding  and  Ladewig  (3t>)  studied  the  synthesis  ol  g lucuronic  ac  id  by 
liver  slices  excised  1 rom  guinea  pigs  poisoned  with  white  phosphorus. 

Intoxication  was  produced  by  sc  injection  ol  7 . 'i  mg/kg  ol  white 
phosphorus  dissolveil  in  mineral  oil.  Ihe  results  showed  a considerable 
reduction  in  the  synthesis  ot  glucuronic  acid  by  poisoned  liver  slices. 

Iluriiya  (2b)  injected  male  rabbits  (number  not  given)  sc  with  O.b 
mg/kg  ol  wliite  phosphorus  in  olive  oil.  I'tie  animals  were  killed  al  \ 

varying  time  intervals  altiu-  treatment  (b-4b  hours),  ami  the  livers 

.. 
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removi'ii  and  analyzed  lor  water  content,  total  and  residual  nitro>;en, 
total  tatty  acids,  polypeptide  nitrogen,  lecithin  and  cliolesterol  (total, 
tree  and  ester  cho  lestero  1 ) . The  results  showed  that  water  content, 
total  nitrogen,  tatty  acids  and  cholesterol  increased  s ign i t icant ly , 
wliile  the  lecithin  showed  only  a small  increase.  Tlie  polypept  ide 
nitrogens  and  residual  nitrogens  increased  witli  the  degree  ot 
intoxication.  All  ot  these  changes  in  the  liver  biociiemistry  indicated 
that  white  phosphorus  interterred  with  the  tat  metabolism  by  inhibiting 
the  trans  t ormat  ion  ot  the  tat  molecule  in  tlie  liver. 

Seakins  and  Robinson  (39)  administered  1.3  mg  ot  white  phosphorus 
dissolved  in  0.3  ml  ot  olive  oil  (test  group)  or  0.3  ml  ot  olive  oil 

alone  (control  group)  by  stomacii  intubation  to  lemale  rats.  iwo  hours 

19  32 

later  20  microcuries  ot  DL(1-  C)  leucine,  b microcuries  ot  ( F) 

14 

orthophosphate  and  20  microcuries  ot  sodium  (1-  C)  acetate  were 
injected  iv  into  the  tail  vein,  the  animals  were  killed  1.3,  3.0  liours, 
or  at  various  times  atter  injection  ot  the  radioactive  precursors, 

respectively,  and  the  livers  assayed  tor  i ncorporat ion  ot  the  precursors 

14  32 

into  protein  (l)L-  (I-  O)  leucine),  phosphol  ipids  ((  1’) 

orthopliosphate ) and  tree  cholesterol  (sodium  (l-^^O)  acetate.  tlie 

results  stiowed  a rise  in  the  amount  ot  ester  i tied  tatty  acid  in  the 

liver.  Two  hours  atter  administration  ot  wiiite  pliospliorus , the 

14 

incorporation  ot  DL-(1-  O)  leucine  into  the  liver  was  markedly  reduced 

32  14 

wliile  the  incorporation  ot  ( F)  orthophosphate  and  of  sodium  (1-  t.) 

acetate  into  liver  phospholipid  and  tree  cholesterol  were  not 

significantly  changed. 


Studies  on  g lycogen  levels  in  livers  from  rabbits  poisoned  witli  7.b 
and  34  mg  ot  white  phosphorus  showed  that  there  was  a decrease  in  liver 
glucogen  at  all  three  doses  (40).  Ihe  glycogen  content  of  the  rabbit 
livers  poisoned  witli  4.3  mg/kg  ot  phosphorus  (sc  injection)  was 
determined  before  and  atter  the  Modilied  Dextrose  Tolerance  lest  (41). 

The  number  ot  animals  treated  was  7.  Two  ot  the  rabbits  died  by  3o  hours 
post-injection,  two  more  were  killed  lor  observations  on  the  hepatic 
glycogen.  Three  rabbits  were  subjected  to  the  sugar  tolerance  and 
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c')Miu‘plit  iiu‘  ti'sts  l'>  tiiuitu  atti't  ui)<'v'(ioii  i>t  wliilf  us . 


ifsults  sliowt'kl  that  ( lu‘  uiitial  blood  Sii^ai  in  all  tliiof  labbits  was 
iikiikfdlv  U>wi'tt‘d.  In  two  animals  t lio  l*lioui  >.-uiv»'  sliowfvl  a lomaikablf 


ti^'^'oij^l^'i'eiiua  ; in  t lu-  t li  1 1 d tlu'io  was  p i ao  ( i v.'a  1 1 v no  flovatuni  ol  b Umd 
su(;at  attci  doxtii>st‘,  watoi  and  insulin  bad  boon  (;ivon  ami  t lio  avt-ia^<' 
b U>vh1  su>;ai  was  voi  v lv>w.  Altoi  opinophiino  t bo  blood  su^ai  in  t bo  tiist 
t w»<  animals  u'so  sbaiplv  t 1 o Kl ) , wliiU-  in  t bo  tliiid  it  t«>ll  to  a vi-iv 
U>w  lov*‘l  t 1.’  m^  ^ aiul  uniia  i lu'ii  U>w  witlunit  oausiiij;  o inivu  I s i i>ns  . 


Similai  losults  wo  i o ii'p»>tto»l  oai  lioi  bv  otlu'i  i nvo  s t i gat  iU  s 
t"*.’--*''!.  In  most  instanoos  a piogiosslvo  dooioaso  in  lu-pat  u’  glmoso  was 
av'oompaniod  bv  an  inoit'aso  in  ui  inarv  lovols  ot  laotio  aoid. 


I'alijaiu'  t •♦b  1 studit'd  I'xvgoii  oonsumpt  u'li  in  rabbit  livi'i  pi>iSi>noil 
witb  wbito  pbv<s  plioi  u s . 1 bo  animals  woto  givi'ii  1*  pbospboiatod  oil  at 

dosos  ot  1.''  mg/kg/dav  via  gastiio  intubation,  aiul  woio  killt-,1  on  t bo  btii 
day  1 1 111-  dav  ot  maximal  tatty  dogono  i a t i i<n  I and  tbo  livoi  assayed  ti<i 
j^lyoolytio  aotiy^ity.  A maiuMiiotiu'  d<‘ ( oc  iii  i nat  i v'li  sbowi’d  t bat  i>.\ygon 
Oiuisump  t 1 on  ot  tbo  lu'patio  tissue  1 1 om  tioatod  animals  was  biglu-i  than 
that  i>t  n>>i  ma  1 livi'i  . lb-  i.i< , pit'duotii>n  was  alsi'  g.ii'atoi  , but  sinoo 

tbo  iiu  lease  was  not  paiallol  to  that  ot  i>xvgon  oonsumption  tbo 
I I'sp  1 1 at  I'l  V ijuoliont  was  ,1  im  i ii  i stiovl . Anat'ii'bio  glyoolysis  was  similai  t>' 

that  ot  lu'imal  livoi.  Ibo  ,'bsotvod  inoioaso  in  oxygon  oonsiimpt  umi  was 

pii'bablv  duo  to  oxiilation  i' t tin*  iloub  lo  bonds  ot  tlu-  unsatuiatod  tatty 
aoids.  IV' pbon  i lami  no  , wliiob  inbibits  an  t ov'x  ula  t i on  ol  tbo  doub  U>  bonds, 
di'os  lu't  moil  1 1 V tbo  oxygon  oonsumpt  ion  ot  tbo  tioatod  livois  as  i'om|'aiod 
witb  oontiol  tissue.  Ibo  dobvdi  ogonat  i ng  .'Utivily  ot  Ibo  bigboi  .uid 
lowoi  tatty  ao  Ills  w.i  s eons  i do  i ab  I y lodui'od  in  livois  1 1 om  tioatod  anim.ils. 

liK'ioasod  oxygon  lonsumption  .iiul  inoioasod  rale  ot  kotogonosis  was 
also  I'bsoivoil  in  guiiio.i  pig  livers  tollowing  oral  administration  ol  l.t' 
lug  ot  wbito  pbospborus  dissolved  in  olive  oil  ta/K  Ibo  ability  ot  tbo 
livoi  ti<  OXI1I1/.0  .iililoil  substialo  w.is  iiiU  impaiii'il,  ami  no  assi'o  lat  ii<n  was 
louiiil  botwoon  tbo  motabolii-  bobavioi  ami  tatty  ibangos  touml  in  tbo 
tioatod  livois. 


The  ottect  ol  phosphorus  intoxication  on  the  level  ol  microsomal 
cytochrome  b-b  and  in  rat  liver  was  analyzed  by  borone  et  al. 

t48).  Wliite  phospliorus  was  administered  by  gastric  intubation  at  a dose 
ot  7.!)  ing/kg  and  the  animals  were  killed  after  24  hours.  Intoxication 
with  phosphorus  did  not  cause  signit  leant  clianges  in  the  amount  ol 
microsomal  pigment.  Tiie  data  indicated  tliat  concentrations  ot  phosphorus 
wliich  cause  tatty  degeneration  in  tlie  liver,  do  not  intluence  tlie  level 
ot  tlie  microsomal  respiratory  pigments,  cytochrome  b-b  and  l*--4b0 . 

In  the  rat  the  increase  in  oxygen  consumption  by  poisoned  liver  and 
kidney  slices  was  accompanied  (in  tlie  mi tochondr ia ) by  inhibition  ol 
oxidative  phosphorylation,  which  was  not  specitic  to  phosphorus  poisoning 
149).  Animals  poisoned  with  sc  injections  ot  0.3%  phosphorated  oil 
exhibited  a marked  tall  in  hepatic  pyridine  nucleotides,  which  was 
accompanied  by  a decrease  in  the  ratio  ot  the  oxidized  to  reduced 
pyridine  nucleotides,  a decrease  in  hepatic  cy tociirome-C  and  a decline  in 
adenosine  triphosphate  (ATI').  On  the  basis  ot  these  observations,  the 
author  thinks  that  uncoupling  ot  oxidative  phosphovy lat ion  is  the  result 
ol  tlie  1 nsu  1 1 ic  i ency  ot  the  tormation  ot  ATP  trom  ADA*  I’. 

8 . 1. 1 tec  t s on  body  Weight,  Organs  and  Tissues  . 

body  Weight.  No  ettects  were  reported  on  body  weights  ol 
experimental  animals  poisoned  with  white  phosphorus,  and  reports  dealing 
with  human  exposures  did  not  describe  the  etlect  ot  accidental  phosphorus 
poisoning  on  body  weight. 

Skin.  White  phosphorus  was  applied  as  a 0.1%  solutiuon  in  peanut  oil 
(volume  ol  application  not  given)  to  the  skin  ot  rabbits.  There  was  no 
primary  irritation  in  the  treated  animals  at  this  concentration  (7).  A 
dermal  sensitivity  test  in  guinea  pigs  has  not  been  reported. 

An  unusual  case  ol  extensive,  subcutaneous  hemorrhage  was  reported  by 
liann  and  Voale  (30)  in  a patient  who  had  ingested  rat  poison  containing 
•*X  white  phosphorus.  This  man  itestat  ion  ot  acute  toxicity  has  its  origin 
apparently  in  tatty  changes  which  occur  in  the  coals  ot  arterioles  and 
are  mU  due  to  blood  changes. 


l.ivoi.  Sv  111  ( u<iis  i<  1 U>  m>;  i' 1 wli  1 1 i'  plii'si'lu'i  iis  U'  lats 

p i I'lliu' »‘»l  a s I );ii  1 1 U' .lilt  I uv  I f.isf  in  livni  w«’if;lit  v H'. 

A SWrit  w.is  pnuUu'i'vl  in  i.its  witli  oi  ‘>0  nvj;  »<  t wti  1 1 1-  ptu'SplK'i  ns . 
I'lio  t'niniiif;  ( mu-  was  •«  miiinCcs.  Ki>  1 1 ,>w  i np.  tin’  I'liiii,  I lin  WvHiiuI  was 

sntniOkl.  t Ilf  animals  w»' h'  killfii  ami  t lif  livois  oxamiiifa  li  i s ( v<  1 >ip  i fa  1 I v 

In'uis  p>»st-l'nin.  hMfnsivf  .If  pf  iif  i at  i I’li  .'1  lifpal  i.-  fflls  with 
mi  f 1 ft  III  .Mill' I III  t hf  p.'i  t a I vfiiis  was  ohsfivf.l 

Kahl'its  in)ff  li'.l  with  ''  nip  kp.  ft  wliit.’  ph.'splu'ins  in  .'liv.‘  .>  i I Wf  i <• 
sillf.l  ti.'iii  .S--J.S  h.niis  attfi  inifftifii  aiul  thf  livfis  ws-if  ifiiiovf.t  ami 

I'Namini'.l  pi.'sslv  t f i ah  ium  ma  1 it  1 1- s . As  I nt  f s I f a t i on  p i .'f  f f .to  .1 , imifaso 

in  siff  amt  ws'ipht  t thf  liv.-i  was  lu'tf.l.  Kattv  intiltiat  u'li  amt 
m'fii'sis  was  a I s.’  .'hs«M  vi-.i  i.'hl.  llu-si'  .'h  sf  i va  t i .ms  o I'li  t 1 1 iiw.l  c’ai  1 if  i 

ifpoits  hv  Nfiiham'i  ami  I’oi  pf  s laO'  in  lahhits  wti  if  h ha. I hffn  pivon 

.111.1  . i)  mj;  Pp  ..  I whit<‘  I'lu'sph.'i  ns  snhf  nt  .iiif.'iis  Iv  , 

I'at  h.>  1 op  i f a I fh.inpi's  fansf.i  hv  wliili'  plu'sph.'ins  in  .l.'p  liv.-i  wvio 
stmlif.l  hv  hmh.inan  ft  al.  Iho  .l.'ps  loffivo.l  sinplo  .l.'sfs  t O.-t 

mp  kp  .' t whitf  ptu'Sphoins  via  tlif  s.  i.'iitf.  Ap.n  t 1 1 om  thf  i.'iif  ai.nimi 
t Ilf  fi'iitial  vfiii  whi.'h  sh.'wi’.i  1 .1 1 t V m<'t  .im.'i  ph.'s  is,  nofi.'sis  imu' .'iiip.isso.l 
thf  wh.'lf  t thf  hfpat  if  pai  f iif  hvm.i  I tissm'.  .At  h..  mp  kp  tin'  livc'i  wa.s 
hf  HUM  I hap  If  an.l  f .>nsi' I i .la  t f .1  with  tattv  v af  m' I a t i .'ii . ospffiall.  al.'np  t lu 
pc' I iphfiv  .'I  thf  1 .'hull's. 


Aff  i.lfiital  inpc'st  i .'ll  .' t laipc'  am.'nnt  s .>1  i.it  p.ist.'  .’t  t 1 1 o .■  i ,if  kc'i  s 
f.'iltaininp  whitf  ph.'Splu'ins  l.im.'nnt  n.'t  piv.'ii'  was  sh.'wn  t .'  pi. '.Inf.' 

I'.'S  i ii.'ph  i 1 i f n.'fi.'sis  in  tin'  liv.'i  fflls,  fc'llnlai  i n t i 1 1 i a t i .'ns 
V p I ami  l.'f  v t f s an.l  Ivmph.'.v  t <'s  ' int.’  p.'it.il  sp.ufs  an.l  insi.U'  .'t  l.'hul.'s, 
pi .' 1 1 1 1' I .It  I .'ll  .' t hi  If  .iiif  t s an.l  til'i.'sis  in  huiii.ins  t s 1 ' . 


k i.ln.'v  . 
.Ifs.in.im.it  i .'ll 
t iihn  Ic's  with 
iffc'ivf.l  thf 


I'l'll’lllll  ,111.1  f.'W.'lkc'IS  I .'•*  .'o'  .'I'Sl'l  Vl'.l  SWflllllp  .'t  fflls, 

ami  pi'i  iniif  Ic'.'ii  vaf  m' 1 i r a t i .'ii  ami  n.'fi.'sis  in  thf  ki.liu'v 
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bullied  aiiimuls  to  ooiio  out  rate  uriiie  and  the  serum  (ibospliate  tsodium  and 
potassium)  levels  bours  p^ist -t  i eatmeiit  cor  respoiiued  to  tlie  cliaii>;es 
seen  in  acute  renal  tailure.  These  biochemical  alterations,  which  were 
probably  the  result  of  glomerular  and  tubular  necrosis  seen 
histologically,  could  lead  to  cardiac  arrest  tn'm  hyperkalemia. 

In  humans,  tatty  de|;enerat  ion  ol  the  renal  cortex  was  observed  in 
large  number  ol  patients  (7IX)  poisoned  by  ingestion  ol  large  doses  trat 
paste,  firecrackers,  etc.,  amount  not  given)  of  white  phosphorus  t ‘i  1 ) . 

Gastrointestinal  1 r ac  t . In  a report  in  which  .1  -v  ea  i -o  Id  nuin  had 
ingested  rat  paste  containing  dk  white  phosphoius,  the  cause  v>t  death  w.is 
listed  as  "hemorrhage  into  the  gastrointestinal  t i ac  t .inu  so  1 1 tissues  t 
the  lunly"  t JO  ) . 

Lung.  Uenuirrhag  ic  b rone  hopneuns'ii  i a was  tound  in  one  patient 
tollowing  accidental  ingestion  ol  rat  poison  cont.iining  i'i,  white 
phosphorus  tJO). 

heart  . Talley  et  al.  tJl)  reporteu  a case  ot  poisoning  in  which  I "i . 7 
mg/ kg  ot  white  phosphorus  were  ingested.  The  patient  showed  an  abnormal 
electrocardiogram  and  died  JJ  hours  tollowing  ingestion  ot  poison.  An 
autopsy  revealed  pathologic  changes  in  the  myocardial  cells  tvacuolatea 
cytoplasm)  and  interstitial  edema  without  cellular  i n t 1 1 t ra t t on.  In 
another  study  tatty  degeneration  ot  the  myocardium  was  reported  in  JVi  el 
the  tata  I cases  Ol  ) . 

Lye . White  phe'sphorus  applied  as  a 0.1*  solution  in  peanut  oil 
Ivolume  not  specilied)  to  I lie  rabbit  eye  did  not  province  any  irritativui 
t7).  Hviwever  .Scherling  and  blondis  tST)  repvirted  a case  in  which  a 
worker  was  accidently  exposevl  to  a spill  ot  wliite  plu'sphorus.  Twenty 
minutes  alter  the  accident,  smoke  began  tii  eman.ite  trom  his  conjunctival 
sacs.  On  exaiiii  nat  iv>ii,  the  eyes  sliowed  particles  ol  white  ptu'sphoius 
embedded  in  the  bulbar  and  tarsal  cv’ii  junc  t i vae . The  eyes  were  iriigated 
and  the  particles  removed.  Shortly  thereatter  the  patient  developed 
slight  b lephari'spasm  wti  ich  disappeared  alter  JO  minutes.  A case  v't 
iipt  ha  Inuip  leg  la  due  to  pluisptiorus  poisvining  has  described  bv  Mv'vlea  t '' J K 
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(Jurreri  et  al.  ^ 54 ) reviewed  tlie  clinical  records  of  111  patients, 
mostly  with  burns  due  to  white  phosphorus,  who  were  admitted  to  the  U.S. 
Institute  of  Surgical  Research.  They  noted  a high  incidence  of  residual 
ocular  damage  and  suggested  requirements  tor  successful  systemic  and 
local  wound  care.  No  toxicological  data  were  evaluated. 

Osseous  System.  Schautz  i55)  reported  a case  of  bone  necrosis  of  the 
feet  of  a Jb-year-old  woman  wljo  sulfered  acute  phosphorus  burns  wiiile 
attempting  to  extinguish  a fire  alter  an  air  raid  in  Germany  during  World 
War  11. 

9 . Cytologic  and  Cytogenetic  t.ltects 

Nuclear  Aberrations.  In  livers  ot  guinea  pigs  poisoned  with  white 
phosphorus  fO.75  mg  given  sc)  Bueding  and  Ladewig  fib)  observed  fatty 
infiltration,  swelling  ot  the  nuclei,  vacuolation  and,  in  the  terminal 
stages  of  the  poisoning,  diffuse  nuclear  destructions  with  no  evidence  ot 
regeneration. 

In  livers  of  human  who  had  died  after  ingesting  a large  dose  of  rat 
paste,  some  firecrackers,  heads  of  match  sticks,  etc.,  the  hepatic  cells 
showed  irregular  nuclear  membranes,  hyperchromasia,  slirunken  nuclei, 
pyknosis,  karyorrhexis  and  delayed  mitosis  (51). 

Chromosomal  Abberations.  No  reports  were  found  on  the  cytogenetic 
effects  of  acute  phosphorus  tor  intoxication  in  experimental  animals  or 
humans . 

10.  Molecular  Effects 


Talley  et  al.  (21)  studied  the  biochemical  effect  ot  elemental 
phosphorus  on  rat  myocardium  (no  other  data  given)  by  evaluating  amino 
acid  incorporation  into  soluble  myocardial  proteins  and  ac t inomyos ins . 
Their  data  indicated  that  phosphorus  significantly  depresses  protein 
syntliesis  in  the  myocardium  of  treated  rats. 
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pill's  I'hi'i  II  s It'.i'  ny;  ^ li  i s so  1 vt'.l  ni  iiinu't.il  oil  w.is 
.ivirn  i II  i s t o t Oil  I'v  stouiaoii  I iibo  to  mil  lo  i.its.  Iwo  lunii  s l;itot  i .iii  i o I ;il'o  U-ii 
v.iliiu'  .','-1  w.is  1 11  ii'i  t I'li  i lit  1 .ivoiu'ii  s I V tivK  lilt-  .miuuils  u’x'to  'nilli-vl 

I. 0  lu'iii  l.iti'i  .iiiO  I'looil  ii' 1 1 t'o  t I'll  'os  liiiviiao  pviiutiiio.  llio  li\>-i, 
I'.iiK'ioas  .iiul  Oiu'ito  iiuui  S.1' i o lonu'voo  aiut  t lu-  ptotoius  i si' l.i  t I'll , Oiu-ii  aiut 
iv'mitoii  tin  I .111  1 oiii' t i V 1 1 V . i’hos  plioi  ns  s i j;ii  i t i o aiit  Is  lioo  t o.isoil  t ho  into 
ot  i IK' o t pot  .1 1 i on  ot  i .ill  lo.ii' t ivo  v.i  1 i no  into  U'A- inso  Inh  lo  livoi 

p.nii' t oat  ii'  .Hill  ilnoilonal  piotoins  .iiui  into  soinr.i  allnimui  t 'H' 1 . 

Kom.ilo  Spt.i>;no  lats  snnmhoi  not  spoi'iIioiO  ii'iiovo.i  Ui  mp  ki;  ot  wli  1 1 o 
ptiosptioins  t's  stoiii.ii'h  1 lit  lit' .1 1 1 on . llio  .inimals  s.o:o  killoO  1.’  houi  s l.itoi 
.nui  t ho  po  I V 1 i h osoiiio  s t lom  tioatoii  livois  assavoii  tot  ptotoin  svnthosis. 

.•V  il  i s a>;^  1 0);a  t i on  ot  t tu'  pi' Iv  soiiic’s  was  I't'soivoii  .mil  ptotoin  svnthosis  was 
inti  ih  It  Oil  V 1 ' ' • 

II.  t.mh  t vonj  i aiui  1 ot  a t oj^on  i o hj  1 oo 

Kioto  .110  III'  lopotts  on  ONpoi  iiiiont.il  animals  i I'l’a  i li  t no,  t lu'  olti'its  ot 
whtti'  ptiosphot  iis  I'll  tho  lios'o  1 op t n,i;  oiiit'i  vo. 

Saltol.lol  ot  ill.  t ■' 1 ^ lOvioKOii  •<  ' I'.isos  ot  t.it.il  phospliorns  poisontni', 
liom  ' institntos  in  Vono.-noKi.  In  most  Oiisos  lat  I'.o  .imoniit  s ot  poison 
woto  iiijiostoii  stilt  p.isto,  1 t t oo  i ill' k o i s . oto'.  Ion  womon  woto.  ot  tiiiii 
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s'poi  iiiions  i 111!  1 0 it  t Oil  thiit  whito  phosphotsis  inv.ostoii  I'v  tho  mothoi  li.til  not 
passoii  ttiionith  t no  p liioont  a . No  otnoi  intotm.it  ton  was  .o.ivon. 
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I’attii'k  s 1 stsiiisoil  till'  ll  i s 1 1 il'si  t i on  ot  wli  1 1 o ptiosphoins  attoi  otal 
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;j  uom-s  I'l  0.',  > . ■’  .u\>.i  .’O.U  mj\  .iniui.il,  i f spoi  t i vo  I v . Uu-  i .ij  i I'.K' t i v 1 1 \ 

poi  viosi'  was  0.1,  O.a''  .iiia  1.0  ku  1 1 i s'lH  1 1‘ s 1 Mv  ' , i o spi',- t i Vf  1 v . Uu- 
j .iiiini.ils  wfit-  wilU’ii  .ittoi  lioiu  s .nui  tiu'  v'l  ,i;aiis  .iiui  [issaos  a.ssavi-a  toi 

! i .ivi  i oju' t i V 1 1 V . 

( 

1 

i I'hf  r.ui  u'.i..' t i V 1 1 V v.uu'i)  j;u'.i!l\  Oiilfii-nt  tissiu’s  aiui  .’ip..iiis, 

I I'ut  w.is  all  1 1 oi  m loi  1 lU-  t In  oo  sjavifs  a 1 an  uii.i  1 s uiv<- s t i ^.i:  aa . 1 lif 

I 

ui>;lu'st  .u' t i V 1 1 \ w.is  K'li.ia  in  tlu'  ;'l,>v'a,  livoi  , wuitu'v,  splai’ii,  liinp., 

nuisili',  bf.iiii  .1:1,1  I'anc  ui  llial  ,'tOt‘t.  Kiiitlu'i  .in.ilysis  ,’1  t iif  livi-i, 

kuliu'v,  ht'arl  .iiui  I’r.iin  slu'wi'O  tli.U  ui  t tu-  aasa  at  tlu’  liist  tliifo 
ai  j;aiis  , uu'st  at  tin'  i .ui  i a.ia  t i v 1 1 v w.is  assaai.Uaa  with  t ha  vii  v t as  laiu'  hut 

I 

111  t ha  hi.iiii  It  W.IS  .issv'a  1 .It  a ,i  with  tiia  a\t  i aa  t .ih  !<•  tr.iatiaiis.  lilts 

j wail  Ki  siii;>'.ast  th.it  t ha  piias  phai  ns  m.iv  ha  I'v-uiiui  ta  t issna  piatain  at 

i prv'tain  aaripU'xas. 

^ In  taiii.ila  i.its  i,  niniih  t- 1 tiat  spaaitiaa)  a.ivau  siiiitla  at  a 1 ilasas  at  0.' 

I ili^; . ka,  at  phasphai  us , .il'aiit  i>0-t’‘>»  ot  t ha  j;ivaii  iiasa  at  l.ihalaO  phaspharus 

I 

^ W.IS  ahsarhavi  within  tha  lust  -'■*  hams.  lha  hiithast  aana  an  t t .i  t i an  w.is 

I ti'niui  in  tin’  livai  ilo.ll  at  tha  Oasa^.  Kiva  ,iav  s l.itai  tha 

j aana  ail  1 1 .1 1 i an  in  this  v’ii;.in  w.is  aiilv  o . h'v  at  tiu'  a,i\an  J.ast' . 

I K.ui  i v'.ia  t IV  1 1 \ 111  lha  hlaaO  lapasantaa  o.l.  •» . 1 .iiui  1 . '1  at  t na 

1 .uinii  n 1 s t a I lui  Jasa  .it  tiia  I'lui  ,>  t -i  liams  .niii  1 aiui  u.ivs,  i a spaa  t i v i- 1 \ . 

I lha  .iiv.annt  at  raO  i ana  t i v 1 1 \ in  tha  mnsa  la  avai.ijtaO  u.O.  ' . s ^ma.  t’.t'v  .it  •< 

hams,  1 .nut  ''  h.ivs,  ta  s paa  t i va  1 v . lha  aiiKHUit  at  i .ui  i a.ia  t i v 1 1 v i aia.i  in  itia, 

in  tha  jt.i  s t iv' i n t a s t 1 na  1 ti.iat  w.is  s,',  1 s . 1 ;i:ui  1 . /"v  at  •*  iiaiiis,  1 .iiui  ' 

viavs,  t a spaa  t i va  1 V . lha  i.itia  at  i .ui  i a.ia  t i v 1 1 v at  t lia  hlaau  ta  v.ii  u'us 

ai  a,.ins  at  ■<  iiam  s w.is  in  tha  tallawiiij;  aiuiai  : 1 1 vai -k  i uiiav  - limp,- sp  1 aan 

hi’iia -mil  sa  I a “h  I'.i  i n . lha  i .iJ  la.ia  t i v it  v in  t lu'  hl,',',i  ,it'a  ii’asiui  sl,'wl\'  .itui 
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Another  group  of  Icnialc  rats  (number  not  given)  was  dosed  with  ‘ 

. 32  ^ 

radioactive  P for  5 consecutive  days  (0.3  mg/kg/day).  The  : 

radioactivity  in  the  tissues  24  hours  after  the  last  dose  was  compared  j 

with  the  activity  in  the  tissue  24  hours  after  a single  dose.  The 

tissues  of  the  rats  which  had  received  3 doses  contained  4.1  to  10.5 

times  higher  radioactivity  than  those  which  had  received  a single  dose, 

indicating  an  accumulation  of  radioactivity  in  all  tissues!/'). 

32 

The  intestinal  absorption  and  distribution  of  P in  different 

tissues  of  rats  intoxicated  with  white  phosphorus  was  studied  by  Ghoslial 

et  al.  (37).  The  animals  received  7.5  mg/kg  of  tiie  toxicant  mixed  with 
32 

10  uCi  of  P,  by  gastric  intubation,  and  were  killed  at  various  times 
ranging  from  0.5-10  hours  post-treatment . The  results  indicated  that 
phosphorus  is  rapidly  absorbed  and  is  principally  incorporated  into  the 
liver  where  it  reaches  a maximum  (Oy-73%  of  the  given  dose)  within  2-3 
hours.  At  the  time  of  maximum  hepatic  incorporation  the  percentages  of 
tiie  given  dose  recovered  from  the  blood  (12%),  kidney  (4%)  spleen  (0.4%), 
pancreas  (0.4%)  and  brain  (0.39%)  were  signil icant  ly  lower  than  the  liver 
(65%)  (p  0.001  tor  all  comparisons).  At  3 hours  the  percentages  of 
incorporation  in  all  these  organs  were  similar  to  those  found  in  2 
hours.  The  subcellular  incorporation  determined  at  the  point  of  maximum 
hepatic  incorporation  showed  that  54%  of  the  total  hepatic  isotope  was 
present  in  the  supernatant  fraction  and  the  rest  was  almost  equally 
distributed  between  tl>e  other  subcellular  fractions. 
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lUo  iiplako  lit  r.ul  1 i vi'  phonphoriis  I’  l>y  tlif  labliit  skin  was 
slinlioil  by  Wliitnloy  ot  al.  ('>')).  Hu*  plios plinrns  was  inn’Ctoil  iv  W) 
ml  i' t I'cn  I u'/ j;  ol  animal)  anil  rail  inac  I i v 1 1 y oxaminoil  at  1,  2^4,  ab  aiut  /2 
lii'uis  pns  t - 1 loaluiiMit  . I'lu'  losnlts  sliowi-ii  tliat  skin  areas  w 1 1 li  aitive 
iiair  grnwtli  took  up  more  ol  tin*  isotope  tlian  vlul  areas  in  wliieli  bail 
lollicles  were  unieseent.  Hie  laetors  wliieh  r on  1 1 i Ini  t eil  to  the  nieatei 
activity  in  the  ^rowinn  zone  were  the  extracellular  space  pei  unit  aiea 
tsliort  ly  alter  inji'Ction),  the  larj;e  aiiunint  i' t acul  soluble  plu'splu'i  us 
per  unit  area  1,1  tiour  alter  injection)  anil  tlie  p,reater  concentration  aiul 
liijtber  spi'c  i i ic  activity  I'l  tin'  nucleic  acul  pliospborns  ( Ju  bonis  attei 
in  jec  t i on  ) . 

White  pliospborns  is  metabolizeil  in  tbe  luniy  ot  animals.  lliinaiv 
excretion  inclmles  oiganic  anil  inorganic  pbospbates  t/,  nil).  It  is 
jtenerally  accepted  that  pliospborns  in  tbe  ingans  is  rapiillv  oxidized  into 
bypopbospborus  and  pbospboric  acid  t b I , o,*.’ ) . However,  the  site  or  sites 
1)1  oxidation  bave  not  been  determined. 

Lee  et  al.  17)  j;ave  single  lira  I doses  ol  O.J  mg/kg  ot  *^1’  white 
pliospborns  to  rats  and  loniiil  tb.it  A bonrs  later  ‘)AX  ot  tbe  di'se  was 
excreted  in  tbe  urine,  dA.bi  at  I day  and  Ab./‘i  at  ')  days.  Uiiring  tins 
time  some  radioactivity  was  also  discovered  in  tbe  leces  in  tbe  lol lowing 
amounts  - 7.U,  Ib.b  and  J31  ot  the  admi  n i s t e n'd  iliise  at  A bonrs  aiul  1 and 
'y  days  - respectively. 

Ilnriiya  (2S)  injecteo  rabbits  sc  with  *)  mg/kg  ot  white  pliospborns  and 
collecteil  tbe  7A  hour  urine  lot  analysis.  It  was  tonnd  that  the  amount 
ot  urine  excreted  .liter  injection  ot  (iliospborns  decreased  with  time.  Ibe 
alkalinity  incre.ised  in  later  stages.  I'lie  excretion  ol  nitrogenons 
imiterial  into  the  urine  increased  during  mi  U1  intoxication  but  as 
intoxication  proceevled  it  decreased.  Ibe  rat  ui  ol  iiiea  to  total  nitiogen 
in  tbe  urine  decreased  and  that  ot  aimiuini.i  incn'.isi'd  witli  tune.  Ibe 
ratio  1)1  iion-nrea  .md  ammonia  nitrogen  to  total  nitiiigen  excreted  was 
over  JO'i  111  intoxicated  animals.  iiiere  was  an  increase  in  sultni 
excretion  dining  mild  intoxication,  wn  i le  under  seveie  intoxication  t lu' 
excretion  ot  sultnr  was  very  cliise  ti'  luiiiii.il. 
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vhau^t's  u\  vu  iiu'  i.'i>iihh>h  1 1 mil  wi‘H'  ii'i  1 1‘ lat  i‘il  willi  (>»i  I lui  U'j.',  u' 
tiiulin^is  wliii’li  w»*ro  ulisi'i  vt*tl  iii  t lu*  aiul  kiiliiey  aiul  wi-if  t lu-  ii'siilt 

ot  initiilytic  (>  1 «.'r  i' ji  s in  tlio  livfi  .nut  t lu‘  ilibaliililv  nl  ll'<‘  kuliu'y. 

In  ili'iisi  j;ivi‘n  1*  |ihoS[)l\iu  ns  in  i' l I snlu  nt  .iiuunis  ly  , iiu  ii'asiul  nrinaiy 
nitingi'ii  ,invl  a union  i a wo  1 1'  i>l)St‘ rviul  al  lit  lionis  (uis  t - 1 roa  t men  t , 
acoomp  an  i «ul  l>v  allniminin  la  aiul  sovoio  kiiltu'y  il.imaj;o  aiul  lioatli  tiy  ilay  J 
pos t -I i oa t mon t lot). 

tntiavi'iunis  ailiiii  n is  t i at  ion  ol  phono  1 1 1“  t i a-oli  I oi  pli  t lia  to  i n oan 

j;lvo  uupoilant  ovihoiuo  ooiuoinin>;  t i\o  .nuvunU  I’t  livoi  ininry  .nut  t lio 
vlo^roo  i>  I tuiKtioiial  impa  1 1 iiunit  . It  was  loniul  that  atti'i  aont«‘  livoi 
in)nry  oanso  hy  so  ailiii  i n i s t ra  t i i>n  ot  It)  iii^  ol  (itiosphoins  to  lio^s,  tlu'io 
was  an  immohiato  liiop  in  livoi  plillialoin  output  in  tlio  too>'S  aiut  this 
liiop  ooi  ri’Spoiuloii  vi'i  y oKusoly  to  t ho  vlo>;ioo  ot  in|niy,  I a I 1 i n^;  to  idi-io 
wUti  t.ital  inti'xioat  ion.  It  was  ohsotvoh  tliat  IMlVl,  whioh  .loos  not  o.muo 
tliion^li  t ho  niino  ol  a normal  ilo>; , will  appoai  voiy  piouipl  ly  in  1 ho  niino 
allot  till'  livoi  ininry  is  ost  ah  I i siio.l . I’lto  roasv’n  ti'i  tliis  ..uiKI  ho  t)i,it 
I ho  phtlialoin  is  morl  t 1 1 lul  hy  oontaot  with  t ho  ininroil  livoi  roll  aiul  it 
oan  pass  tho  kuliii'y  tiltor  wliioh  is  iiiipoi  iiioah  1 o to  t ho  nnohan^o.l 
phthaloin.  As  t lu'  injiiiy  to  tin'  livor  was  ropaiiaul,  t lu'  output  i' 1 
phtlialoin  in  tlu'  looos  roso  ti>  normal  whilo  tho  niino  .uitpnt  himinisho.l 
to  zoro  I r> ) . Lar>;o  tnoroasos  t .1  to  8X  normti  1 ' in  laotio  ao  ut  in  niino 
ol  rabhits  with  livor  ilama^o  .Ino  to  plu'splunns  poisoning  w.is  iioto.l  hy 
Miznno  I Ha ) . 
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11.  SUUtlhKON  li:  UIXUUIY  1,  Ifs-s  than  4D  ilay.s;  short  tonn) 

1 . lieiiia  t o lot;  ic  httocts 

Moiiocy  t t‘s . I'horo  art'  a luimhor  ol  ohst*  r va  L ii>ns , both  clinical  aiui 
t'xpor  iuienta  1 , which  intiicalo  that  thfro  may  ho  some  ohsenro  i o la  t i onsh  1 1> 
botwoon  injury  to  the  livoi  anil  the  number  ot  circulating,  monocytes. 
Lawrence  anil  tin  t Iman  loi)  injected  11  P'KS  ■‘^c’  and  b were  givi'ii 

phosphorus  by  iiHiuth.  I'he  injections  were  p.iveii  at  intervals  ol  J-Ij  days 
at  a dose  ol  0 . *)  nij;.  I'he  smallest  total  dose  was  3.!)  and  the  largest, 
b.b  mg  ol  white  phosphorus.  'total  anil  dilterential  counts  ot  white  cells 
were  made  daily  tor  several  days  tliroughout  the  injection  period.  the 
animals  receiving  phosphorus  orally  were  given  1-.!  mg  daily  lor  0 days, 
tlie  animals  were  killed  at  the  end  ot  tlu'  treatment  |>eriod. 

the  animals  that  received  sc  injections  ol  white  phosphorus  showed  an 
appeciable  rise  in  tlie  number  ot  monocytes.  the  maximal  average  increase 
was  87. 9X  and  this  occurred  alter  the  2nd  and  Jrd  injection.  the  animals 
treated  oially  did  not  exhibit  the  same  response.  Four  were  essi-ntially 
normal,  one  showed  marked  terminal  increase  in  monocytes  Oblb), 
associated  witli  marked  1 eucocy t os i s 1 11,200),  and  the  other  showed  a 
moderate  increase  in  monocytes.  Histological  examination  ol  the  liver 
did  not  indicate  any  direct  relationship  between  injury  to  the  liver  and 
the  number  ot  circulating  monocytes. 

An  increase  in  imniocyte  counts  was  also  perceived  in  labbits  exposed 
to  white  phosphorus  vapors  ot  l‘)0-loU  mg/m*  continuously  lor  uO  days 
Ibb).  I'he  white  blood  cells  IWbt:)  incteased  at  lirst,  then  liecreased. 

On  the  Wm;  dilterential  counts,  acidophils  decreased  and  even  disappeared 
in  cases  ol  severe  poisoning.  I’seudo-eos i noph  i I s increased  tapidlv  right 
alter  exposure  to  white  phosphorus  and  maintained  the  high  level 
throughout  the  experimental  period.  Lymphocytes  ilecreased,  while 
iiKinocy  te  basophils  increased  Ibb). 


I t 


I 


k.ry  t hi'ocy  t os  (JvlU')  aiul  U>‘iiu>^  lni>  iii.  linlh  KlU’  .1111.I  ai-inoy;  li)t<  in  «.loi’ i fii  stal 
in  tiibl'ils  oxposoil  tn  v.ipors  ii  1 white  pluisplunns  0‘>U-lt>t)  iiif;/iii  ) Inr  oU 
ilays  (.00)  aiui  in  ilop.s  poisviiu-il  with  repeateil  injection  at  1) . I mp./'Kp,  nl 
white  phospluuns  I ni  ‘}t>  vlay.s  tl»K 


A .similar  e I 1 ee  t was  iihserveil  in  lahbits  wliieh  received  1.0  my./k>;  »'! 
white  phespluirns  ti'i  10  Jays.  1 he  i‘i  y t h roey  t e eoiints  and  aiiunint  i>t 
heiiiog  U'h  1 n w<  re  decieased  and  tlu're  was  a deeliiu-  in  ee  1 1 tiaj;ilitv  as 
well  tt>/).  llewever  Trader  Ihb)  j;ave  0.')i  selnlien  I't  plu'sphi>i  ns  t e 
lahhits  and  Iminil  that  lieiiie^  1 nh  1 11  values  and  eivthii>eyte  e»>nnts  ineieased 
during;  I iu'  lirst  2 wei-ks  ot  treatment  hiit  retnrned  te  nnimal  attei  1 


K ih  r 1 nogen . One  ot  tlu‘  most  no  t 1 ei’ah  1 1'  ehany,es  observed  in  the  bloovl 
ot  phosphorus-poisoned  dop.s  was  t lie  markei!  deerease  in  t 1 b i 1 nv>p,en . 
Marshall  and  Kowntree  1 t>M ) nave  J-o  se  injeetions  ot  mp,  ol 

phosphorus  to  i do^.s  .iiid  noted  laundiee  .iiul  taiiure  ot  the  b Ktou  to 
cUit.  All  three  animals  died  vit  talal  poisoninj;.  Siinilai  oh  se  i v.i  t 1 ons 
were  reporteii  t'.irlier  by  Wliipple  el  al.  lib)  m the  same  speeies. 

2 . bone  Marrow  Oha nges 

lie  iniaii  111)  stated  that  tlie  moi  plio  loj;iea  I ehannes  observed  in 
circulatinn  blood  in  ehroiiie  poisoninn  may  he  caused  hy  damape  ti'  t he 
bone  marrow  produced  by  the  I'lic roachmeiit  upi>n  the  medullary  canal  which 
contains  the  major  elements  I'l  the  hematopoietic  system  or  by  d 1 1 ec  t 
action  upon  the  bone  marrow,  describi-d  as  beinn  hyperemic  at  lust  and 
later,  denenerative  I/O).  It  cvnild  also  be  I'tlected  secondai  i ly  to  the 
septic  absorption  trom  jaw  biMie  necrosis.  Anemia  ol  the  "secoiularv"  tvpi- 
has  been  reported  trom  the  iiulustrial  env  i roniiu'nt  111). 

J . limiiiino  Ionic  e£ t s 

I'anaka  lb/)  observed  a decrease  in  antibody  and  the  .inn  ^ 1 > >>‘<  1 > 
activity  ot  serum  aiul  the  red  cells  in  the  blooii  ot  rabbits  pi'isoned  with 
white  pliosplioriis  loil-l/.O  mn/kn)* 
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No  data  wore  tound  on  the  acute  e fleets  of  wliite  phosphorus  on  human 
immunologic  system. 

4 . Central  Nervous  System  (CNb)  hffects 

Ferraro  et  al.  f/ll  described  patliological  changes  which  occurred  in 
the  brains  of  li^  rabbits  which  received  iv  injections  of  IX  white 
phosphorus  in  oil  twice  and  tlirice  a week.  The  animals  were  killed  at 
different  times  (3-lU  weeks)  during  tlie  experiment  and  the  brain  examined 
for  pathologic  alterations.  Significant  decrease  was  observed  in  the 
number  of  ganglion  cells  in  the  cerebellum  and  the  inferior  olives.  The 
nerve  cells  in  the  striate  areas  appeared  to  have  undergone  more 
pronounced  cnanges  than  in  the  cortex,  and  the  nerve  cells  of  the 
interior  olive  showed  more  severe  effects  than  the  cells  of  any  other 
part  of  the  brain.  A gradual  necrobiosis  of  the  nerve  cells  was  observed 
in  the  gray  matter.  Vascular  disturbances  (swollen  endothelial  cells  of 
blood  vessels,  occlusion,  inflammation  etc.)  were  seen  throughout  the 
brain.  Occasionally  perivascular  infiltration  was  also  observed.  The 
glia  showed  the  feature  of  tiyperplasia  generally  coexisting  with 
hypertrophic  changes. 

Ferraro  noted  that  in  tlie  lesions  of  the  nerve  cells  due  to 
phosphorus,  fatty  degeneration  does  not  seem  to  play  an  important  role. 

In  fact,  his  study  showed  tiiat  fatty  substances  were  detected  rarely  and 
only  in  small  amounts  within  the  nerve  cells,  whereas  they  infiltrated 
abundantly  th"  choroid  plexi  and  the  cells  of  the  viscera  (liver,  lung, 
and  kidney). 

This  dissociation  of  behavior,  as  far  as  fatty  metamorphosis  is 
concerned,  between  nervous  tissue  and  the  other  parenchymata  remains  a 
singular  feature.  The  results  of  histologic  studies  on  the  CNS  in 
experimental  poisoning  are  not  uniform.  In  tlie  rabbit  there  is  an 
initial  stage  of  proliferation  of  the  small  blood  vessels  (specially  the 
striatum)  and  a second  stage  of  diffused  encephalitic  changes.  These 
changes  were  regarded  as  secondary  to  the  effect  ol  phosphorus  on  the 
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livt'f.  Ihfso  ohso  i v.i  t i oils  w»' 1 1-  ooii  t 1 1 iiit‘i.1  iii  tin-  >.io^  in  wliioli  sovi-io 
wlo>;onerat  ivi‘  piooossos  won’  toiiiul  in  t lio  lu'ivo  pat  oncliyiii.i  witiu>nt  tatty 
i a t i on  ol  tlio  ^ang  1 1 on  oolls  siioli  as  liail  oci'nnoit  in  aoiilo  yollow 

atrophy  ot  t lio  livor.  llioro  was  a liittnso  ilocroaso  ot  iioivo  rolls  in  t lio 

roi  tox  anh  ottioi  parts  ol  tho  >;iay  mat  tor,  a rop.rossivo  chaii^o  in  tlio 

>;lia,  anJ  arrnmu  lat  iv'ii  ot  tat  in  t lu'  bloo,l  vossol  walls  ami  tho  swollin^; 

v)t  tho  oiiilot  ho  1 1 iim  119). 

Maroovitz  aiul  Alpors  I ) iiotoh  a ran>>o  ot  ahnorma  1 1 1 i os  in 
iiiirro^lial  rolls  t roiii  h rains  ot  17  rabbits  troatoh  with  trosh 
phos phora toil  oil  in  Josos  ol  millililois  in)ortoil  usually  iv 

ami  v'lily  twiro  s iibJn  ra  1 1 y , 2-i  t iiiios  a wo«'k  up  to  10  wooks.  I'ho  aiitlu'rs 
statOvJ  that  thoso  rhanj;os  wi'ro  rhiotly  ro^rossivo  but  iiiav  hav<‘  boon  in 
part  ri’para t i vo . 

bo  ri'ports  woro  tmiml  on  tho  o 1 t or  t ot  plu'sphotiis  on  tho  l NS  vil 
hiiiiians  tollowiii^  snbrhronir  oxposnro. 

• Bohav  lot  a I t.  t_t  or  t s 

Kiasnov  i7l)  has  roportoii  on  tho  I’ttort  I't  wliito  i>hospliorns  on  llu' 

motor-tooO  r oikI  1 1 i onoil  rotlox  ot  whito  rats  wliirh  loroivoO  O.UIS  mp,  ol 

th»'  pnio  olomont  ilaily  tor  .10  hays.  Iho  sliuly  slu’Wi'il  that  whilo 

phosphorus  j;ivon  at  this  iloso  to  rats  proOnros  an  i n t ons  i t i r a t uin  ot  tho 

oxritatory  proross  ami  an  inrioaso  in  roniral  oxr  1 1 ab  i 1 1 1 v . 

0 . Oai'iliovasrii  lar  tj  torts 

No  r arO  iova  srii  I ar  o 1 1 or  t s ot  wtiito  phosphorus  woro  roportovl  Out  inp 
siibrhtv'nir  oxposiiro  in  oxpor  iiiii'iita  I animals. 

7 . b iorhomiral  aiul  2*  ‘ t J or2_s 

I’hosphoriis- i tiiliiroil  b ii>r hoiiii ra  I rh.inpos  havo  b«-on  st  ml  toil  in 
oxporimontal  animals.  iho  most  important  rhaii|;os  m’riii  in  tho  livor  aiul 
b I ooil . 


h. 


b i ooJ . lo  ostdl'lisli  wlii'Cttoi  ui  Sk'iiini  pii'tfin  Wk- 1 1‘  k'.uisi'kt  I'v 


an  ui  t U'w  I n'lii  t issin's  v' I pi  i' I k<i  moil  " i f s n v vo  pii'tom"  I'l  t’v  K'luialu'ii  1 

now  .sotntu  piv’ti’ins  in  t lio  livi’i  I'l  bkHio  m.iiiow,  t'xpoi  imont  s w\’ 1 1' 

poitoimokl  nsin,<  wli  1 1 o plu'S  ptu'i  ns  as  t ho  i n(  k'\  i o ant  i /-♦  ) . Kahh  1 1 s woio 
>tivon  lopoatOkl  vlosi's  I'l  0.‘’»  o 1 t lio  I'loinont  innmhi'i  v' 1 animals  iii't  y;ivonl 
thiongh  stoiiiaoh  t nbo  until  tlios  iliovl.  I'lkikvl  saiiiplos  taKon  at  ililloiont 

t imos  klniiii.i;  tlio  tioatmoiit  wo  i o analvioki  o 1 oo  t i k’ptun  o t i o a 1 1 v . bloiul  t i inii 

ptu'splu'ins  tioatk'kl  animals  slu'wo>l  a maikoh  inoroaso  in  ^aiimia-^  1 1'lni  1 i n as 
oompaiOkl  to  Oi'iitii'ls.  llu'  o t t ov’ t i' 1 whito  plu'splu'i  ns  k'li  j.;  1 lu' I'sami  lu'  was 
t fans i out . 

itiaiiftos  in  plasma  piot«‘ins  kliio  tv'  ptu’s  plu' i u s pv’iSv'niiiv;  was  stuviiovi  hv 
l.aiivl  aiivl  K i v-n  i I'O  i sr  t /"’ ) in  vU'^s  t/  iiuilos,  1 tomaUO.  l liv  .mimals  woio 
.v;ivon  U. ■*-!.•*  ,<  v'lonm  plu'sptiv'i  at  urn  hv  stv'mavh  tnhv-  tv’i  U>  vlavs. 

I’o  t i vivl  i vvi  1 1 V hli'v'vl  samplos  woio  taki-n  I i I'm  tioatovl  animals  aiul  anal\*-i'vl 
li'i  alhnmin,  >tlv'hnlin  aiul  t i h i i lu'p.i’n . hv  t lu'  oiul  v't  t lu'  ti'st  pi'i  ii'vl  a 

vlok  ioaso  was  v'hsotvovl  in  plasma  alhnmin  anvl  ^ihiinv'^i'ii  ami  an  iiu  toaso  in 

Iho  plasma  ^U'hnlins.  Ni'  attompts  woio  mavU-  tv'  st  a t i s t i v' a 1 1 v analv.'o  t lu' 
I'osn  Its. 

lanaka  avlmi  n is  t o i I'vl  t'.l-.'.t'  m,v;/lvp,  v't  wtiito  pln'sphv'ins  tv'  i.ihhits 

t '0  vlavs^  ami  v'hsoivovi  a s ijtii  i t i o ant  vlov'iv'asv-  in  tv'tal  piv'toin  in  t ho 
hlv'v'vi  ami  iiiv'ioaso  in  iiv'n-piv'to  in  nitiv'fti'n,  amim'  av' ivl  ami  ni  w av'ivl.  A 
small  iiivioaso  was  a I Sv'  soon  in  tin"  v'lv’atiiu'  ami  viv-atinim'  lovols. 

Altoiativ'iis  in  soinm  ostoiaso  avtivitv  t v' I I v'w  i nv.  sv'  iniovtiv'ii  v't  l.l' 
millilitot  v't  phv'sphv'ins  v' i I vl.l  i Iv  tv'i  ' vlavs  was  stmliovl  in  ' vlv'v;s.  llu- 
hlvH'vl  samplos  takon  U'l  analysis  woio  vli  awn  1 1 v'lii  t lu-  iiitoi  u'l  vv’iia  va\a, 
hc'patu'  vi'in,  ami  t ho  pi'ital  voin.  It  was  tv'iiml  that  in  animals  with 
sovoto  livoi  vlama>;o , tlio  soinm  ostoiaso  avtivitv  was  hip.hi'st  1 1 oiii  tlu' 
pv’ital  voin  ami  loast  av' t ivo  1 i v'lii  t ho  hopat  u'  voin.  Iho  Iv'w  av' t ivitv  v' I 
tho  soinm  ostoiaso  1 1 v'lii  the'  hopat  u'  voin  snv;>;i‘sts  tin'  pv'ssihilitv  v't  t In- 
I'stoiaso  hoin^  avlsv'thovl  v'l  vlo  s t i .'v  ini  as  it  passos  thiv'nf;h  tho  1 ivoi  i 
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I ho  ill!  niiii  1 s j;ot  .1  tot  ill  Josi-  k' I 1'  Hip.  .Ivp,  t ‘i  m.p/kp  piou)'!  k'l  iiipikp  t > 
iiipi  i'-S  .itioup).  At  t lu'  J . k iiip.k.v.  vik’so  ' iiniiiiiils  kliokl  .ittoi  I lu*  ninth 
in)ootion,  wnilo  iit  t ho  ■>  iivy;  ■ kp  kloso  ■>  i.its  klioj  .ittoi  t ho  t h it  vi 
iniootion.  lioiituiont  ot  .,'1.1  ovuitii'l  i.its  w.is  in't  ilosoiihoki  in  tho 

ropoit.  All  survivuii;  liits  woio  kilK'ii  t w<.’  iiiivs  .ittoi  t lio  List 
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lU'Mii.i  1 , hut  o k't  thorn  h.ikl  hvpi'iuiio  iio  i kli-mi  .1  t-*'). 
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Rabbits  (.6  animals)  receiving  small  daily  doses  ot  phosphorus  (0.75 
mg/kg)  were  subjected  to  a mou  it icat ion  ot  tlie  dextrose  tolerance  test 
tollowed  by  an  injection  ot  epineplirine.  Blood  sugar  curves  following 
these  procedures  and  determination  ot  liver  glycogen  before  and  after  the 
modified  dextrose  tolerance  test  were  made.  The  first  functional 
deficiency  ot  the  liver  to  appear  was  a failure  on  the  part  of  tliis  organ 
to  maintain  the  normal  blood  sugar  level.  Later  a progressive  decrease 
in  Sugar  tolerance  was  manifested,  which  could  in  part  be  explained  by 
lack  ot  glycogen  deposition  in  the  liver  after  dextrose  administration, 
water  and  insulin.  In  the  last  stages  of  poisoning  (after  modified 
dextrose  tolerance  test),  blood  sugar  curves  usually  ended  in 
hyperglycemia.  tpinephrine  liyperg lycemia  was  first  increased,  tlien 
decreased  and  fin.illy  abolished  altogetiier  in  these  animals.  Under  these 
circumstances,  the  observed  hypoglycemia  was  explained  by  failure  of 
glycogenolysis  to  check  the  downward  trend  of  the  blood  sugar  initiated 
by  the  stimulus  ot  the  ingestion  of  dextrose  (41). 

Jobling  et  al.  (35)  determined  trie  liver  esterase  activity  in  5 dogs 
following  sc  injections  ot  l.U  milliliter  of  phosphorus  oil  daily  for  3 
days.  Liver  tissues  showing  fatty  degeneration  obtained  from  phosphorus 
poisoned  animals  showed  decreased  amounts  of  esterase  activity. 

Simmonds  (7o)  also  studied  the  esterase  activity  in  tiie  liver  ot 
phospliorus  poisoned  dogs.  Doses  of  15-27.5  mg  of  phosphorus  oil  were 
given  sc  to  4 dogs  over  a 3-lU  days  period.  The  anKiunt  of  esterase  in 
the  liver  did  not  vary  to  any  great  extent  from  the  normal  in  phosphorus 
treated  animals.  However,  feeding  of  large  amounts  ot  sugar,  which 
increases  the  amount  ot  glycogen,  did  increase  the  eterase  activity  in 
the  liepatic  tissue  of  poisoned  animals. 

Rabbits  with  fatty  livers  caused  by  white  phosphorus  injections  (0.5* 
twice  a week),  given  subcutaneously  for  5-3b  days,  showed  increased 
glycogen  and  cytochrome-C  (3-lold  increase  over  controls)  levels  after  3 
weeks  of  intoxication  (bb).  Milder  poisoning  resulted  in  less 
cytochrome-C  and  was  accompanied  by  a lag  period. 
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ti't.il  t.it  hotwooa  tho  livots  v't  tiOvitOvI  .lUvl  ov'utiv'l  anim.tls  v 1 . 


1 

1 


Rabbits  receiving  repated  doses  ot  wliite  piiosphorus  oy  stomach 

intubation  iuntil  they  died)  showed  liver  damage  with  tatty 
degeneration.  hemorrhage  and  cellular  necrosis  were  also  observed  (74). 
histopathologic  abnormalities  in  liver  parenchyma  and  mitochondria  were 
observed  in  rabbits  dosed  orally  with  1 or  Ji  ot  wiiite  phosphorus  (in 
oil)  tor  bO  days.  Tlie  overall  picture  ot  tatty  intiltration  was  much 
less  severe  than  that  observed  wit’n  acute  doses.  Increase  in  glycogen 
content  was  also  recorded  in  animals  intoxicated  with  phospliorus. 

Rabbits  receiving  repeated  (3  injections)  doses  (2.3-0. 5 mg/kg)  ot  wtiite 
phosphorus  showed  fatty  intiltration  and  lacked  cellular  epinephrine, 
while  others  receiving  repeated  (3  injections)  doses  of  higher  amounts 
(2. 3-8. 3 mg/kg)  showed  no  tatty  infiltration  and  were  devoid  ot 
chroraaftin  reaction  (40). 

Kidney . Kidneys  from  dogs  given  0.1  mg/kg  of  white  phosphorus  lor  3o 
days  showed  hydropic  degeneraton  (12).  A higher  dose  (1.0  mg/ day)  lor  8 
days  (sc  or  per  os)  resulted  in  fatty  intiltration  and  tubular 
degeneration  (di). 

Spleen.  tnlarged  spleens  and  large  amount  of  lieraosiderin  were 
observed  in  dogs  poisoned  over  a period  ot  3o  days  witn  0.1  mg/ kg  of 
white  phosphorus  injected  sc  (12). 

Adrena  1 . Subcutaneous  injections  ot  1.0-10  mg/kg  ot  wtiite  pliospiiorus 
(in  oil)  administered  2 or  3 times  induced  adrenal  insu t t ic iency  in 
rabbits  (40). 

Pancreas . The  ettect  of  wtiite  ptiosphorus  on  pancreatic  mi  toctiondr  ia 
in  mice  was  studied  by  Scott  (80).  Ptiosptiorus  solutions  in  concen- 
trations ot  0 . 0 1 23-0 . 05/i  (vol  0. 1-0.2  ml)  were  injected  into  white  mice. 

The  dosage  schedule  lacked  uniformity,  and  doses  were  given  at  intervals 
of  a day  or  more  (for  a longer  or  shorter  time)  depending  on  ttie  severity 
ot  the  reaction.  When  sufficient  toxicity  was  observed,  the  animals  were 
sacrificed,  the  pancreata  were  removed,  stained,  and  examined 
microscopically.  The  findings  were  those  ot  gradual  to  gross 
morphological  deformity  ot  the  mitochrondr ia,  and  no  explanation  was 
given  as  to  the  tactors  responsible  tor  each  level  ot  detormation. 
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har . In  one  study  in  vrtiicli  12  rabbits  were  injected  iv  witti  IX  white 
phosphorus  (in  oil)  2-3  times  a week,  2 animals  developed  necrosis  ot  the 
ear  after  4 and  7 weeks  of  treatment,  respectively.  'i'iie  authors  did  not 
give  any  other  detail  (73). 

Osseous  System.  Involvement  of  tlie  osseous  system  is  characteristic 
of  chronic  phosphorus  poisoning.  Most  typical  of  tiiis  involvement  is  the 
jaw  necrosis.  However,  other  ciianges  such  as  tliose  ot  the  periosteum, 
and  those  produced  by  deposition  and  resorption  of  calcium  salts  leading 
eventually  to  bone  atrophy,  have  also  ueen  described.  Most  experimental 
studies  have  paid  special  attention  to  the  ossification  ot  tlie  growing 
centers  ot  the  bone  and  the  appearance  in  these  bones  ot  widened 
epiphyseal  areas.  Chemical  analysis  of  these  areas  ot  thickening  have 
also  been  made,  and  an  abnormal  relationship  in  the  quantity  of 
phosphorus  and  calcium  have  been  described.  Three  such  studies  are 
described  below. 

Rabbits  (17  animals)  and  rats  (14  animals)  were  given  an  O.O  mg 
coated  pill  of  white  phosphorus  (rabbits)  or  phosphorized  cod  liver  oil 
containing  0.01  mg  Z of  white  phosphorus  (rats)  daily,  for  13-117  days 
(rabbit)  or  22-37  days  (rat).  In  the  diet  ot  6 rats,  wnite  phosphorus 
was  increased  4-fold  (0.04X)  during  the  last  week  of  the  experiment 
(50th-37th  days).  Seventeen  rabbits  and  14  rats  served  as  controls.  A 
roentogram  of  the  tibia  taken  after  treatment  showed  a zone  of  increased 
density  (the  phosphorus  band),  and  there  was  a reduction  in  the  process 
of  tubulating  of  the  shaft.  These  effects  were  due  to  diminished 
resorption  of  the  cartilaginous  matrix  and  bone,  which  was  probably 
generalized  but  most  readily  evident  only  in  the  metaphyses,  where  active 
bone  resorption  was  a prominent  feature  ot  the  process  of  normal 
endochondr  ial  bone  growth.  No  roentogenograph ic  changes  were  observed  in 
the  teeth  ot  the  treated  animals,  but  in  the  skull  phosphorus  bands  were 
present  on  both  sides  of  tlie  basispheno-occ  ip ita  1 and  oasis 
phenosphenoida 1 junctions.  The  rats  that  received  tiiat  additional  U.U4X 
phosphorus  daily  during  the  last  week  of  the  experiment  had  a 
ca  Ic iot raumat ic  line  in  the  labial  dention  which  was  absent  in  the  group 

which  did  not  receive  this  extra  dose  ot  wliite  phospliorus  (84).  I 
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liuiziik.i  (8/)  (‘xaiiiuu'>.t  iU  m.ilc  ;iiui  (imiuiIc  i.its  wliiiti  wiTf  I'xpi'.si’il  1 1' 
IbO-loO  wliilo  pliosplu)!  us  v.ipois  lor  H)  mimilos  vluily  lot  ()U  J.ivs 

;iik1  IouikI  t ho  piosonoo  ol  w i hi'  mo  t ;ipliy  so.i  1 linos,  1 1 rop.ti  I ,'i  i oo  1 1 
con  1 1 >;u  1 u 1 1 on  mill  i om.ii  kah  1 o 1 rahoc  u I a 1 i I'lt  assooialoil  with  i iisu  1 1 i o i onl 
os  s 1 1 l oa  t i oil  anil  il  i sorJo  i oil  axili-  ilovo  lo|iniont  ol  li’iip,  hoiios. 


I'ho  pat  hoj^oiios  i s ol  ahiioniial  lomoiii'lin^  ,>l  hoiio  oansoii  i>v  wh  1 1 o 
phosphorus  toxicity  was  stuilioil  hv  Whali-iis  ot  al.  t hh ) in  lu  li'iualo  lats 
(,  I ilays  olil).  Iho  rats  woro  loil  1.  I mp./kp./iiay  ol  wh  i 1 1'  j'hiisphorus  lot  h 
or  lu  ilays  ami  showoil  wiilosproail  motaphysoal  trahoculao  ol  proximal  lihia 
wh  ich  p, r.iilna  1 1 y ri'turnoil  to  ni>rm.il  allor  Iho  Iroalmont  was  suspomloil. 
Inhihilion  ot  ostoocytic  ostoolysis  ami  chotul  i o ly  s i s was  ohsorvoil  in  hoi  h 
iroatoil  groups.  lliis  inhihilion  rosnltoil  in  wiiloninp,  ol  t ho  trahoculao 
ami  rotontion  ol  Iho  choiulroiil  coio.  llu'  i|uant  itat  i vo  ililloii'iico  hotwoiMi 
Iho  two  troatmont  groups  was  not  montionoil. 


'I.  Cytolopic  ami  t.y  t oponot  ic  Kl  toots 

Mitosjs-  Kahhits  tit.*  animals,  sox  not  spocilioit)  woro  p.ivon  oithoi 
I or  ol  whito  phosphoius  in  oil  oi.illv  t.i-l-*  iliops  ilailv)  tor  '’ti 

ilays.  Iho  animals  woio  killoil  ami  thou  livois  I'x.iminoil  n i s t o 1 op.  i c a 1 1 v 

tor  at)  norma  1 1 1 1 o s . In  both  tioalmont  pioups  thoio  was  an  incio.isoil 
mitotic  activity  in  tho  t;it  st  i iiip  ci- 1 1 s itt  the  sinnsoul  w.i  I I s aiul 
Kuptlor  colls  t itV  ) . 


10.  Iho  Mo  locular  11 1 toots 


llioio  wi'io  lilt  ropiirls  I'li  thi'  o I I oi- t i’ t white  phosphorus  on  l'Ni\,  KNA 
ami  proloin  synthosis  in  oxporimontal  animals  ilurinp  suhchronic  oxpitsuro 


II.  l.inhjyonic  ami  lo  r aj  o^on  i c_  t-.  1 t oc  t s 


Nit  lopiirts  woii'  loniiil  rol.it  inp  1 1'  Iho  ollocts  ol  whito  plutsphoi  us  on 
ri'proiluc  t I on  , omh  r y opi'iio  s i s ami  t o i .i  i iipi-nos  i s in  oxpot  imontals  oi  hum. ms. 


I 


1*1.  Ml' t .il>o  I j sill 

MaisiiJill  aiiii  Kuwiit  ii'i'  stiulu'ii  tlu-  flU-ct  I'l  wli  i 1 1-  plmsplun  us  on 

liviT  .'iiiil  kiJiu'y  liiiKtions  ul  ilu^s.  Kilti'i'ii  animals  wi-if  ^ivuii  luju-atfil 
si'  1 n ji'i' t i ons  ot  varying  aimnints  ol  wliitn  pluis  pliorus  mg)  uvt'i 

il  i 1 1 1'li'iit  t iiiii'  porioils  11-21  ilays).  llu'  l>  1 ooil , aiul  uiiiu*  wi-ii'  I'x.imiiu'il 
tiu  I'liangi's  in  total  non-proti' in  nitrogon,  iiroa  aiul  amino  aouls.  All 
tliroo  s ul)  s t aiu'i's  sliowi'il  a ilolinito  aiui  somot  imos  mai  koil  iiuroaso  in  t lio 
sorum  tollowing  pliospliorus  poisoning.  Tlio  urinaiy  nitrogon  partition 
I'l'twoon  till*  uroa,  ammonia  aiul  ammo  aciils  was  not  always  il  i s t urboil . I'lio 
iiKist  important  cliango  obsorvoil  was  an  inoroaso  in  amino  nitrogon.  Sugar 
tolor.inoo  w.is  also  tostoil  .iiul  lounil  to  bo  m.irkoilly  iloo  i oasoil . In 
pliosplKirus  piiisoning,  livor  tunotion.il  cliangos  ooourroj  without 
oonoomi  1 1 ant  rona  1 oliangos,  aiul  ron.il  i nsu  I 1 i o i o ncy  usually  I'oourroil  at  .i 
lorminal  ovont  . Inoroasoil  nitrogoiiiuis  produots  in  tlu'  bloiul  (total 
non-pii'toin  nitrogon,  uit'a  and  .imiiio  nitrogon)  woro  assooiatod  with  a 
oi)r  i ospond  i ng  inoroaso  ol  thoso  substanoos  in  tho  urino.  t'onsoiiuont  ly , 

•111  inoroasod  protom  catabolism,  as  wo  1 1 as  tonal  msu  1 1 ic  i oncy , is 
lu'cossary  to  oxplaiii  this  accumulation.  A tormmal  acidosis,  as 
ovidoncod  by  mcroasod  hvilrogon  ion  concont  r.i  t on  was  also  obsorvod. 


Dogs  poisonod  subcutanoous  ly  with  U.l  mg/kg  ol  wh 1 1 o phosphorus  lor 
‘>0  days  showoil  .i  pn'grossivo  incroaso  m croatmo  and  cliangos  in  tho 
Croat  ino  to  Croat  inino  r.itios  m t hi'  uriiu'.  I'lu'Si'  cliangos  woro  pn'sumoil 
to  bo  causod  by  t issuo  bn-akilown  as  ovidoncod  by  tho  loss  in  woight  ol 
I ho  an  im.i  1 (12). 


1 J. 

i*!  '•  j "i'iil’i'j  i-Li’ 


No  roports  woro  loiiiul  on  tho  carcmogonic  o 1 1 oc  t ol  subchronic  wh  1 1 o 
phosphorus  poisoning  m oxpor  iiiiont  a 1 .iiiimals  oi  humans. 


I 


III.  CllKONlC  lUXlClTY  I Long  Te rm  I o s t s ) 


1 . llemato  lo^  ic  t^ttects 

No  reports  wore  touiid  on  Ijemato  logic  el  tects  due  to  chronic  exposure 
ot  experimental  animals  to  white  phosphorus.  However,  Hughes  et  al.  IVO) 
investigated  4b  healthy  men  working  in  a phosphorus  plant  with  26  healthy 
controls  not  exposed  to  phosphorus.  Exposure  varied  between  1-17  years 
in  the  phosphorus  group.  Hemoglobin  and  total  leucocyte  counts  were  made 
and  no  statistically  signilicant  ditterences  were  tound  between  the  two 
groups  except  tor  the  polymorphonuclear  leucocytes  to  lymphocyte  ratio 
(Jt):bl%)  which  was  abnormal.  No  explanation  was  ottered  tor  this. 

Heiman  (11)  observed  leucopenia  and  anemia  and  the  absence  ol 
met hemog lob  in  in  some  instances  ot  chronic  exposure. 

2 . Bone  Marrow  Changes 

See  subchronic  studies. 

3 . Immunologic  Ettects 

No  data  wi're  tound  on  the  chronic  ettects  ot  wliite  phosphorus  on  the 
immunologic  system  in  animals  or  humans. 

4 . Central  Nervous  System  (CNS)  Ettects 

Although  there  is  involvement  ot  the  CNS  in  acute  phosphorus 
intoxication  there  is  no  evidence  that  chronic  phosphorus  exposure  in 
humans  produces  ettects  on  this  system  (11). 

b . Behavioral  Ettects 


No  data  were  tound  on  the  chronic  ettects  ot  white  phosphorus  on  the 
behavior  ot  experimental  animals  or  humans. 


<> . t .11  il  i"vas^'ii_liu;_  K 1 1 f cl s 

Nil  il.4ta  wi’ti*  linniil  on  tlu*  oluonic  olloctH  ol  wliili*  pliospliorus  on  llu‘ 
caril  lov.isfvi  lar  system  in  experimental  animals. 

1 . U ioeliemica  1 a2i£l_  It  i s t ocliem ic a 1 b-ttects 

11 1 ooil . lln^lies  et  al.  iVO)  investigated  lb  liealtliy  men  working,  in  a 
pliospliorus  plant  and  b healtliy  controls  wlio  were  not  exposed  to 
pliospliorus.  Duration  ot  exposure  varied  between  1-1/  years  in  t lie 
pliospliorus  group.  Determinations  were  made  on  inorganic  [ilios  pliorus , 
alkaline  pliospliorus,  calcium  and  magnesium  levels  in  tlie  plasma.  No 
ditteri'iice  was  observed  in  .'iny  ol  tliese  parameters  between  tlie  exposed 
a nd  c on t ro  I g roup s . 

Ill  aiiottier  study,  the  levels  ot  potassium  and  cliloiide  were  high  in 
groups  exposed  to  white  phosphorus  in  comparison  ti>  non-exposed  workers 
111). 

ti . bllect  on  body  kV  i gilt,  Org.ins  and  Tissues 

Body  We  ight . Thirty-two  rats  (22  young  teiiiale  .uui  mature  males)  wi-ri* 
admi  n isteri'd  0.003-0.0/2  mg/kg/day  ol  white  phosphorus  in  their  tood  over 
a period  ot  b-0  months  (91).  I'lie  highest  dose  (0.072  mg)  produced  iiiarkevi 
and  progressve  deticieiicy  ol  growth  so  that  the  treated  animals,  at  the 
enil  ol  the  experiment,  weighed  only  hall  as  much  as  controls.  Withdr.iwal 
ol  poison  trom  lood  did  not  result  in  recovery  but  merely  checketl  t he 
rate  ot  weight  loss.  At  lower  doses  (0.018  and  0.0052  mg)  the  weight 
loss  was  somewhat  less  (about  IbZ)  and  apparent  only  alter  lb  weeks, 
lliese  rats  not  only  recovered  on  withdrawal  ol  the  toxicant  (0.001b  mg), 
but  become  considerably  heavier  than  controls.  llie  author  suggested  that 
this  could  be  a cumulative  toxic  etlect. 

In  another  study  rabbits  given  O.o  mg/kg/d.iy  ot  wliiti-  phosphorus  lor 
117  days  showeil  .in  overall  reiluction  in  weight  gain  .is  compaied  with 
cont  ro  1 s ( 8^* ) . 


■'.7 


Liver.  Rabbits  and  guinea  pigs  (8i  animals)  administered  0. P-1.0 
mg/kg/day  ot  wliite  phospborus  in  sweet  almond  oil  orally  lor  3 montlis 
showed  delinite  liver  cirrhosis.  The  induced  changes  were  often 
complicated  by  ascites  and  jaundice.  Phosphoral  induced  injury  was 
directed  to  stromal  fibroblasts,  especially  around  tlie  portal  vessel  and 
parenchymal  cells  throughout  the  liver.  Destruction  ot  the  fibroblast 
was  followed  by  regeneration,  as  evidenced  by  presence  of  occasional 
mitotic  figures  and  by  fibrosis  wiiich  was  periportal  initially,  but  soon 
extended  irregularly  into  the  lobes.  At  the  higher  dose  (1.0  mg/kg/day), 
the  processes  of  destruction  and  regeneration  were  accelerated,  while  at 
the  lower  dose  (0.33  mg/kg/day)  they  were  retarded.  The  shortest  time 
required  to  produce  these  changes  was  4 months  (92). 

Hepatic  parenchymal  destruction  was  observed  in  bl  guinea  pigs  given 
0.75  mg/kg  ot  white  phosphorus  orally,  4 days  a week  or  1.5  mg/kg,  twice 
a week  for  a total  of  35  weeks.  Two  to  four  animals  were  killed  at 
regular  intervals  during  the  experiment,  and  tl>e  liver  examined  for 
abnormalities.  After  9 weeks  of  treatment,  all  liver  samples  examined 
showed  focal  loss  of  parenchymal  substance  which  extended  to  surrounding 
lobes  ( pre-c  irrahot ic  stage)  as  tl\e  period  of  testing  advanced.  Failure 
to  produce  clear-cut  portal  cirrhosis  seemed  to  be  due  to  inconsistent 
and  minimal  degree  of  periportal  cirrhosis  (93,  46).  Otlier  abnormalities 
included  increased  amounts  ol  collagens,  fibrosis,  fatty  degeneration, 
proliferation  of  bile  ducts,  and  hya  linizat ion  of  cell  cytoplasm. 

Although  the  typical  damage  in  acute  phospliorus  poisoning  is  severe 
damage  to  the  liver  with  its  attendant  fatty  infiltration,  in  chronic 
poisoning  in  humans,  no  definite  liver  disease  has  been  described. 

Osseous  System.  For  effects  on  growth  ol  long  bones  in  experimental 
animals  see  Subchronic  effects. 
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In  liumans  tlie  most,  typical  involvement  ol  the  osseous  systi'iu  is  the 
"phossy  jaws"  (11),  or  necrosis  ol  the  jaw  seen  amont;  workers  in  match 
tactories.  The  tirst  change  in  ttie  bones  is  a generalized  hyperostosis. 
The  process  starts  with  the  deposition  ol  calcium  tollowed  by  its 
resorption  leading  eventually  to  bone  atrophy.  As  a result  ol  these 
changes,  the  bones  become  brittle  and  Iracture  easily  (chronic 
osteomyelitis).  There  is  ossilication  ol  the  growing  centers  ot  the  bone 
and  t lie  appearance  in  these  bones  oi  a widened  epiphyseal  and 
sub ep iphy sea  1 areas.  The  ettect  ol  chronic  phosphorus  exposure  on  the 
jaw  bones  producing  necrosis  is  well  documented  in  iiuinans  (4,  90, 

94-96).  The  onset  ol  the  necrosis  alter  tirst  exposure  is  said  to  be  an 
average  ot  b years.  however  this  is  questionable,  since  to  establish  the 
date  ol  "onset"  is  itselt  usually  ditticult. 

9 . Cytologic  and  Cytogenetic  hlltects 

No  data  were  tound  on  the  chronic  etlects  ot  white  phosphorus  on  i n 
v i VO  or  ^ V i t ro  nuclei  and  chromosomes  ot  experimental  animals  or  humans. 


t 
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10.  The  Molecular  bltects 


No  data  were  tound  on  the  long  term  etlects  ol  white  phosphorus  on 
DNiV,  KNA  and  protein  synthesis  in  experimental  animals  or  humans. 

1 1 . hmbryonic  and  Teratogenic  btlects 

No  reports  were  tound  on  the  chronic  etlects  ol  white  phosphorus  on 
reproduction,  emb  ryogenes  i s and  te  rat  ogeiu's  i s in  <'xpi‘r  imenta  I animals  or 
humans . 

1 iil . Metabol  ism 


In  humans  white  phosphorus  is  excreted  essentia 
inorganic  phosphates.  1 ns  ign  i 1 i c.int  amounts  mav  be 
and  sweat  or  excreted  in  the  teces  (97). 


lly  as  organic  and 
exhaled  in  the  bn-ath 


1 

I 
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Urinary  changes  include 


; 1‘lovation  ot  aiiiiiott  ia  ii  it  iDgoii  at  tlu‘  i-xponsf  ol  urfa  nitro^i-n,  inc  roasi-il 

oxiilizod  siiltur  content  and  a Ituimi  nur  la  (11).  Uttier  conipoiinds  whicli  niav 
I appear  in  tlie  urine  are  acetone,  diacelic  acid,  leucine,  and  tyrosine 

I t'lb). 

•(  1 J . Care  iiui>;enic  ity 

White  phosphorus  does  not  appear  to  be  a carcinogen  in  experimental 
animals.  So  1 Iman  tVl)  exposed  J2  rats  (both  sexes)  to  0.0027-0.072  mg/kg 
daily  tor  -4  months.  The  toxicant  was  mixed  with  the  tood.  At  2^  weeks 
2J  animals  were  alive  and  no  tumors  were  lound. 

Similarly  Ketming  et  al.  199)  administered  l.o  mg/kg/day  ol  white 
phosphorus  in  peanut  oil  to  rats  in  tlieir  diet  tor  ;>12  days  .ind  observed 
no  tumors  at  the  end  ot  the  experimental  period. 

Subcut .aneous  injection  ol  white  phosphorus  into  rats  at  O.Oi-3.2 
ni'd  into  guinea  pigs  at  0. 2-1.0  mg/kg  in  olive  oil  or  peanut  oil  2 
rimes  weekly  lor  more  than  bl  > .ays  did  not  produce  tumors  in  these 
animals  (99). 

No  reports  wc-re  tound  on  iuiman  carcinogenicity  relating  to  chronic 
phi'S  phorus  e xposu  re . 


! 


I’liYSlilAl  AM)  YHKMUAl,  I'KOl’hK  I 1 1 S 


11)0  I’l'st -known  .inii  n\i'st  (.-ommon  v.-ii  ii-tv  I’t  snliA  I’lnim-ntnl  pliosphi'i  ns 
IS  ;i  i I'll.) -wh  1 1 o phosplioi  ns  . It  is  .i  1 so  t ho  U'tm  ot  );to;itost  oomiuo  i o l .i  1 
uiii’oi  t .inoo . Hk'  solui  is  ol't.iinoil  'oy  t lio  ooiulons;it  i I'li  v't  phosplunns 
v.ipoi  to  a lii(uiii  aiul  tlion  allowing;  tho  lator  to  si'lihitv  niuloi  watoi. 
Wliilo  piu'splu'i  ns , whon  pnio,  is  a ooloiloss  waxy  soliil  moltin>;  at 

. 1 ' l'  to  a oloai  liijniil.  As  a soliii,  it  nat  kons  wHioil  oxpi'SOvi  to  lijjit 
aiul  >;lows  in  t lio  hark  t,  phosphoi  osoos ) , I'mittui);  a pa  U-  pii-i-nisli  lip.lit. 

tiuo.  ion 

l ommoi  0 i a I wiiito  phosplioins  is  pnio,  with  tlio  nia  iv'i  inipniitios 

hoiiiw;  atsonio  aiui  t i aoos  ol  hvOi  ooai  I'ons  . i.\niimo  i o i a 1 wliito  j'liosphot  ns 
has  a s 1 1 p,h  t vollow  v-v'loi  aiul  molts  to  a st  i aw-ov' K^i  Ovl  luiniii.  I'ho 
vollow  ooloi  IS  piosnmahlv  Ono  to  t ravos  1 i ovi  phosplioins,  whioh  is  t'no 
othoi  allotii'pvo  Ivuni  haviii};  oommoioial  impv'itanoo.  tlOO,  lOn 

Vho  phvsiv'al  piv'poitios  ol  .‘-whito  phosplioins  aro  snmmai  1 7. oO  in  lal'lo 


M 
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PllYbli:AL  I’KOl’LKTltS  OK  a-WllllK  KlIOSt’liOKlIb  tlUU) 


Appearand' : 

Me  1 1 i ng  po  i nl  : 
boiling  point: 

Crystal  structure: 

Dens 1 1 y : 

Autoignit ion  temperature: 
Critical  temperatures: 
Critical  pressure: 

Index  ol  retraction: 

Heat  ol  Kusion: 

Heat  capacity: 

S ub 1 1 ma  t i on  p re  s s u re  t mm ) : 


colorless  to  yellow,  waxy  solid 

44 . 1 "’c 
260.  b"’ 
cub  ic 

1.626  g/cm^ 

K)'-\  in  moist  air,  higher  in  dry  air 
b9b'’c 

62.2  atmosplieres 

1.6244  tor  D line  at 

oUO  d cal/mole  1’,  at  il7.2o'’'K 
— -♦ 

at  2b^'c  = 22.16  ca  1 /mo  le /degree 
at  44.l'“'c  = 22. 7j  ca  1 / mo  le/degree 
U.02b  iat  20''’c),  O.Uad  tat  2b''’c), 
O.U/2  tat  30‘^’c),  0.064  tat  db^’c), 
0.122  tat  40^'c ) 


V.ipor  pressure  : 

Heat  ot  sublimation: 
Hea t o t combust i on : 


1 mm  Hg  at  7o.o'^\: 

Id. 4 Kcal/mole  1’, 

•4 

710.2  + 1.0  Kcal/mole  1’, 


Solubility:  Cold  water 

Hot  water 
Absolute  alcohol 
ether 

tdi  lorot  orm 
bene zone 

I'arbon  disultide 


Almost  insoluble 
Slight  ly  so  lub  le 
2.b  g/1 

10  g/  1 

2b  g/1 
26. b g/1 
12b0  g/1 


Wliili'  pliobphorus  i.s  by  1 ar  tlu’  most  roactivo  lorm  ol  pliusptioi  us . llu 

most  important  roaotuni  ot  o lomonta  1 phospliorus  is  oxiilation.  Wli  1 1 o 

pliospiiorus  must  bo  stiuovi  uiuiot  wator  to  protoot  it  Irom  air  wlioro  it 

mtlamos  spout  .moons  ly  . t'ombu  s t i on  in  air  proilucos  a vionso  wliito  suioko 

ot  pliospiiorus  pontoxiiii*  tl’  0,,.)  wliioli  in  tlio  prosonoo  ol  moistufi’  is 

a 1 U 

tlion  oonvortoii  to  ptu>spor  ic  aciJ.  Wliito  pluispliorus  has  a lii^li  boat  ot 
combustion  t7l0  Kca  1 / tiu' lo ) , and  tlio  smoko  producod  by  it  has  a tondoncy 
to  r ISO  in  a pillar-liko  mass.  tlOO) 

t’hosphorus  ri’.icts  with  aquoous  alkali  to  jtivo  phosphino  which  c.in 
.1 1 so  bo  t ormod  by  hydrolysis  i’ t t ho  motal  phosphides  .uid  by  strong 
roductiou  ol  iiK'st  phosphotus  compimnds . llalogons,  sultur,  and  tho 
oxidizing  ,ic  uls  roact  with  phosphorus  to  givi‘  halidos,  sultidos  .nui 
oxyacids,  rospoc  t i vo  ly  . riiosphorus  .ilso  n'acts  with  mot.ils  and 
non-motals  to  pro.iuco  plu>sph  i di's . tlOtl,  lUl) 


t)  1 1>  1 1 o^r.ii'hy 


CIk'S  ['tu'fiis 
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1 o.iu  i.\'U  1 1' roiKi'  o 1 iiiiiu'u  t .i  I lnovistii.il  tiyy,  i on  i s t . 1'*/-’. 

"ihrostu'Ki  l.uiiit  V. linos  ol  .^iiboino  tout  .uni  iiaiu  s Aooptv’o  ;>v  Ai'iilh  Un 
IM/.!",  .-W  villi,  vinoinnati,  v'liio. 

n 1 a.: -K  i VO  i .1 . K.S..  t’ . J . v i>  1 I .i.v  o , l.n.  l\'ns  .iiui  M.V.  um  i t'y,i  ,'s.i . i ‘Ohi  . 

.•\onto  plu'splu'i  VIS  pv'isoninf,  in  I'.i.in,  .A  stiniy  ol  5v>  o.isos. 

Jo; 

v.li’.isv’ii,  K.i,.  vli'S sv' 1 1 ii , li.v.  lli'ilp.i'  .iiKi  K.t’.  Aiiiiin.  Ions. 

"v  linio.il  lox  i oi' 1 v'f’.v  1' 1 v'niiii’.io  to  i .1  i I’ rvuiyu' t s . .Aonti'  t\' i Si'ii  i iii;"  , iliito 

i.iiitivHi,  pp  . I'lJ-l'*-',  Iho  Wilii.iiiis  W'llkiiis  VO.,  b.i  1 1 iiao  t . 

Von  V>o  1 1 1 npoii , U.K.  Ivsb.  !’o  i son  i np, . A ilniOi'  to  I'linio.i,  I'l.iy.nosis 
anO  1 ti'.itiiioiit  , W.b.  Saniuiots  Vi’inpans  , iSoiv'iio  ulitionl,  pp.  ■«o,'.,o/. 


Hoini.imi,  li.  lv71-lo7J.  I’liosplunns  .ukI  .•oir.ponii,l  s . lntoMi.ition.il  l.al'v'ni 
Otlioo,  tno  VO  lopt'o  1,1  v' I v’ooup.it  i oii.i  1 llo.iltli  .nui  S.ili’tv,  M,- vli  .iw- 11 1 1 I noos 
v'o  . , Now  VvTk.  pp  . 1 Ob  J - Kl'.io  . 

Ui'onslor,  1..  .nul  K.  L.  Woohsloi.  loyi.  "t’iios  poo  in  s j'o  i son  i up, : liu- 

l.itonl  pi’i'iixi  ,1110  nnnsu.i  1 pa  s t i o i n t o s t i n.i  I U'sioiis",  vl.is  t i oioi  t o i\'  1 ,'p, 

1/: 


Loo,  v'.,  ,1  . V . Oiii'V,  ,).K.  IK'op.  Sv'ii,  I'.v'.  tiol  tv'll.  W..I.  k i v'p.n.ui , 

n.N.  Kv'boits,  ii.S.  Aiiviovson,  li.iltp.ip,  l.P.  Kiii  t -■  .iiivl  N.  k'v'st. 

t.*'liijwost  Koso.ivoii  InsLituto).  July  7J,  lo’/'.  M.niiiu.i  I i .in  toxioitv 

iiKinitii'ii  ov’iiipv'iiiKis . I’li.ist’  1.  Aonto  I’V.il  tv'xioity,  piiiii.iiv  sxin  .iiui  v-vo 
1 f 1' 1 1 .1 1 i v’li , ilv-nn.il  sv- ns  1 1 i .1 1 i v'li , .nui  ,1  i s pv'S  1 1 i v'li  .nui  r.u't  .il'v' 1 i siu. 

Kv'pi'ft  i\i’.  i,  p ri‘ ['a  fv'ii  tv'f  O.S.  Ariiiv  Mv'viiv'al  Kv'so.iioli  .nui  i\'vv' li'piiiv'iit 
v v'linii.invl , k.isli  i np  t v'li , 1>.  v . 

N.itiv'ii.ii  Inst  ituio  tv’i'  I'ooiij'.it  1 I'll.)  1 S.iic'tv  ,nu'.  lu'.iltn;  Kv'p.istiv  v't 
loxio  i.tloots  ot  v'lioiiiioal  .kub  s t .inot-s , vk'voi  ni.iont  I’lintinp,  v'ttioo, 
W.ishinpt on,  0,v  . , lo/i. 

Kori  ,11111  in  i , L.  low.  I’lu's  piu' ru  s . 1 nt  o iii.i  t i v'li.i  1 L.n'v'iif  v'ttioo, 

iviio  VO  Iv'pi'vl  i .1  v't  v'o  0 np.i  t i i’li.i  I lu'.iltn  .nui  S.itv'tv,  Movl  i .iw-ti  i 1 1 bi'v'k  v,'.. 
Now  W'fk.  pp . oJb-ba/. 

D.i  111, linn , i.  .iiui  b.  lli'liii.i.  los'i.  .Aniiii.il  i-xpi-i  iiiu'iit  s v'li  tin'  spiv'.ui  v'l 

iiihalovl  rail  i oao  t i vo  vovl  phospliotvis  in  t lu-  bovly.  Ai  oh  . hivL  lii'a  1 1 b . 

JO;  .♦*')-.*.'l. 

tioim.iii,  li.  lh.*o.  v'lifonio  ptu's  plu' i n s po  i sv'ii  i nv, . .1 . 1 lu! . hyp.  U'xiool. 

Jk  t o ) ; 1 o J ' I ''0  . 

luioh.in.iii , i'..i..  M.V.  hi;',.il,  v'.k.  Ki'biiisv'ii.  n.  t’v'pi' , M.  I . 1- o i p.nsv'ii  .nul 

.l.b.  i'iiorii  I SV'II.  1 '•  >.w  Ptiiviiv'S  v't  phv'S['lu'i  ns  i nl  ,'X  i o.il  i v'li . ^n.'' ■ 

_ ‘■’£a  • 'Hi'':  I -vS  . 


iNow'i'ut  I’l'i  , K.A.,  . li . iH'.iSi'i  ,tiui  li.  Si.hw.iv' Ur.i.iii . ii,-. 

i'v' 1 .-ii'n  i iii;  w 1 1 ti  t i-v'.'vi'i  s ,iv'v'i'i',i;<.in  wvl  hv  i' 1 1'v' t i v'l' .1 1 li  i v'j'.  i .li’li  u v'n.iiii_i‘^  . 

^11.  Mi-vi.  -t : 't.'i-'iM. 

V / I’a.-ih  t .1.1 1 , V.S.,  S.>..  Ni'iul'.ii  .iiu!  l.l.  Vini'iiiii.  I / 1 . vliiiu'..! 

• ISi'iWtS  I'l  .U'llti'  pO  1 Si'll  Mil',  t'V  V.lpOlS  1' 1 i'lu'S  pill';  VIS  .Hill  l 1 I'Xli.i's  llllili'l 

uiiivi  s t i i .1 1 ii'iiil  1 1 1 1'lis  . VM^ i_t  . i’ri' t ..aha  I . 1 ’>  v U)  ) : -.S--.''. 

i*ti  i ('I' 1 f , i.i.  i’l' 1 I'.li  t .1  1 .iiiii  .'V.li.  vl.iiii.  1 '*  I 1 . li's'.s  li'i  lu'p.ilii' 

1 villi' 1 1 i'll  .Hill  iiisi'.isi'  iiiii.i'i  1' \pi' 1 Hill'll  1 .1  i I'l'iiii  1 1 i on  s . I’ht'iio  ; t o l i .ii'ii  li'i  - 
pii  1 :i.i  U' Ml . I'l^  1 . .Ii'iii’.s  lii'ps  . l.os^'.  : '■<  i-,i  1 . 

OiH.i'.ii".  I Ml,  ii . 1 . . .A.l.  ii'.iliii'i  .Hill  Moiii'lit'l.  i 'Hi . ii'liito  p.iosplii'i  iM 

OllIllS  .Hli.  lll.lsSlVi'  lli'lllO  l\  s l s . .1  . M .IHII..!  ■ . V -4  H'-'.S-i. 

i'l’wi'ii,  i.i'.,  1 . .H  iilii'l.Hi,  .1 1 . .nil!  i'.il.  iNi'lsi'ii.  1 'i /’ 1 . Siiiiiii'ii  ilt'.iiii.-. 

.Mil".  i'liosp'.ii'Mis  I'uMis:  t-.N'pi' I ir.u'ii  t .1  1 o.' so  1 v.i  t i 011s  o i iiv  poo  .1  1 00111 1 .i , 

111  po  r pill's  pii.i  i o nil  .1  .iiiii  o 1 00  t 1 00  .1 1 1.  lop,  1 .1  pli  1 0 .li'uoMii.i  i M i os  li'llowiiip. 

p i I'liiio  1 i OH  1' l .1  st.Hiil.iiii  wiiito  ptii'spiioi'i.s  I'-.iiii.  .'Xnii.iJji  . ■''iiiiS'iJi 

i,-.  ; ^ 

I .I'nOi  .1 -s  1 N o . I'lO'.  ill'll  M ill'o  t uviilo  I'o  1 o\po  1 llllOlU  O 1 1 O 1 .iklltoi 

pill's  plii'i  Vl't'i’,  i 1 1 iiiii, . .'Vii'liiv.  Mil.  I's  \ oh  1 .1 1 I 1 o . lO'*;  ii.'-i... 

ill' i C ii.ii'.i,  K . I'Hi-'.  ii'iUr.il  iioivi'iis  .svstor.i  111  .loiiio  piiosph.-Mis 

po  isoii  Mij; . 'H'oji . Ni'iir.  I’sioli.  ,S:  '.o-,'  'iH 

li  Mil's,  l.l..,  11. 1',  i o 1 I or.i  .uiii  r.  .1'.  ills  Ml.  I'l'.'.  \ollou  p.ios  p!i.' i i;  s 

i iip.o  s t i i'll  - ihioo  l.it.il  po  1 Si'll  i ill.  s . I 1 Ml . Los.  t'l-*^: 

l.ilit'i,  li.i.,  J . ii . i, Mill. lit,  iX . .1  . iioi'iiio,  1.  Mooro,  .Hiii  I'.M.  bi'lioi. 

1 J . .-Xouto  oioiiioiit.il  phosphoiiis  poisoiiiiii'  111  ii..in:  i .11 1. 1 ov.isoh  1 .1 1 

ti'sioitv.  iWoi.  tlo.iit.  .i . i'll  l.''<-l-tH. 

1' i .10  - c\  1 VO  1 .1 , K.S.  ot  .1  1 . I 'Uii  . I'lio  o 1 00  t 1 00 .1 1 ii  i op,  1 .1  pill  0 ili.Hipos  11; 

.loiiti'  phi's  pill' 1 II  s i'o  i Si'll  i lip  111  ri.iii.  .Xiiio  1 . . . Moii.  So  i . .-ii:  ’’S-  i'''. 

M.i  t siiiiii't  o , S.  c't  .1  1 . .'i  o.iso  ol  .loiito  piiosphoi  iis  poisoiiiiip  witi; 

v.ii  lous  o 1 00  1 1 00  .1 1 ii  lop  r.i  pa  1 0 o.i.iiipos.  .'  pii , i 1 1 0 . . h' : 'H''-'i,i'. 

t'oifliiii  . N.,  i\.  li  1 I .111  i , 1 . i'Oiir.1.111 , U.  Shiip.oi  iii.ai  .Hill  .1.  .'Xppo  ll'.mi... 
i'l/’.'.  I’hi's  phi't  iis  I'liiiis:  .X  p.it  iio'phv  s i o lop  1 o .1 1 stiuii.  I'l.ist. 

Snip.  .’’i'):  'iS- . 

t'oii-tiur,  ,N.,  .Hill  .1.  Appo  U'.iiiiii.  S 1 00  hoi',1 1 s t 1 \ , .1 1 s t o'p.i  t iio  1 op\  .hih 

t ro.i  t moat  ot  plios  phi'i  us  huiiis:  ah  o\poi  ii'.ioat.il  stiun  . Isi  • Moii. 

So  i . '‘X  1 ^ : .<i>-aS  . 

.Xppo  It'. Ill  111,  .1.,  N.  hoa-iiiii'  .Hill  .1.  Sti.Hii.  1 . Suhioliul.il 

iiii'i  pill' li'p  i o.i  I oh. iiipos  Ml  too  i.it  'siii.iioi  o.ttoi  pHi'spiii'i  us  I'uiii.  i’.itaoi. 

1- 11^ . It'  I ^ : 1 .*  s - 1 . 

t'oil.uis  k V , M.  I'i.'.  iho  p 1 oiiuo  t i oil  ot  lii  pop  I \ ooiii  1 .1  ill  os'poi  ir.ioiit.ii 

lio  1 .lllpi’lUi’II : .s  I'l  till'  llVl'I.  .'Xlll.  .(  . I’ill.siol.  I't'.'  ' 


ot' : 


Uiiruya,  A.  i'*.'*'.  MiuiU'S  v.'ii  t .ii'  j'tios  [’tu’ rii  s uilvix  i i.‘.il  U’li  i.n'lMts. 

j.  i>  locluT.'. . J.ip.in ) U) ; oj-'-'. 

N.ikut  s uk  .1 , r.siu'i  C .1  1 >1  ik.  u's  oil  tiu-  lats  .uk;  iipoivis  in 

t ho  hioiv!  Ill  iK'patio  i!  i .si  ii:  !'.i  . -■p'l . -■  . i-.i  t i ooii  t . j:  i 

l>  1 LiiiK'iU  aa  i , aiiU  A.  iossor.  l >0  . .voiiW-  phosphorus  pv' i son  i up . •■'li'Ui- 

■ Disoasos  rhilatiMi  ) > : IkviU-l.’o  . 

Iruuaut,  K.,  .j.-K.  r'l.auA'  .aui  J.-M.  W.iriu-l.  i . i>  i os'iuMui  o a 1 

uioii  1 1 i oa  t L I'lis  iiivinov-.i  hv  .louto  aiul  suh.iouU'  pi' i Sv>ii  uip,  uita  waili- 

pav'spaoras  in  tlu’  r.il.  il.  .'lo  1 i I'li  i' l a sinplt-  p.noatoial  di'si' . .-siiii. 

riiariii. _ Kr aiio  . .'U  v 1 ) : . 

iruaaut,  J.-K.i..  Oiiia  .i.-M.  n.iriiot. 

I'aoiuo  pa  liii  1 1 niiu' - li-'i-lo  aaiis  ios 
I ipo-p  rolo  1 aos  ilu  rat  iiito\i<.;uo  p.it 
So  i . i’ai  IS  J7J;  -*03  . 

I'aa  1 , I’.,  h.  oro.vol.i,  i.  . Ilaooaiiiio,  a.  auro.iiio.  I"/.'.  I’li  iho  lo.oo  a.ai  i sri 
ot  t.illy  livor  111  waito  phosp'aoias  poisoaod  rats.  r\p^  i . >U'J  . I'a  1 ao  i ■ 

1 u : 20  1 -2uv  . 1 h / . 

aurwit.;,  A.  i.tloots  ol  iiu  o rosi’ui.i  1 oaomu'  iiuiuoois  .'ii  .aiin.ils 

poisoiiou  with  ho  p.i  t ot  ox  1 ns  . t v'x  i oo  1 . App  i . I'ii.iriiiaoo  i . 

Jobliii;.,.  J.n.,  A. A.  Lp.psto  111  ao.ii  i> . I'otorson.  i ■<  1 P . Iho  loi.itioii  ot 

sorar.1  ostoraso  to  livor  aos  t r no  t i v'li . . i-.xp.  >ioii.  22: 

Oa  lit  alio,  1..  I'lJ/.  Ihi'i  t ol  t sau  rooxi  aat  i on  hoi  aoi  toltlohoi. 

oioohoiii.  .. . 2h'':  op-*-Ju-*. 

oaioshal,  A.K.,  a. A.  ik'ita  aiui  k.a.  h.irtrolt.  1 '■  7 i . Isotopio  stiuiios  on 

t ho  ahsorption  ana  tissiw  a i s t r ihu  t i I'li  ot  wiiito  pnosphorus  in  lats. 

Ml' 1 . t’athol.  i-*t2);  21.-21''. 

Buoaiiij',,  a.  aiiil  1’.  i..iiiow  ip, . I'lJ''.  ihi  no  o i I'li  i o .loiii  proO.uooii  hv 

surviving  slioos  o:  livi'r  t roiii  aiur.ials  poisoiioii  wita  phospaoriis  or 
oil  1 oro  t oriu.  t’roo  ■ Soo  . t.xp . h i o 1 . Moii.  : •.u-.--.t'S. 

Soakins,  .v.  aiiii  U.t>.  Kooinson.  l''u-*.  I'h.iiif.os  as  soo  i .i  t I'li  u 1 1 a tlio 
proilaotion  ol  l.itty  livors  hv  waito  pnospaorus  ana  ov  otaaiiol  in  t ho 
rat.  a loohoiii.  . -'2:  .'tiC'-,'l2. 

.Nouhaui'r,  h.  aiui  i'.  I’orp-.os.  i''li.  Aaroiia  1 iiisu  i t lo  lono  i in  phospnoiiis 
pv' i son  i lip . liioohoiii.  .. . h.  : . 'h'-.>o7. 

1 1 h.ai  sou . l.l.  ana  i.  Inooiios.  I'hl..  Intluonoo  on  oarbonviirato 
ii.ot.ii'i' I isir.  o 1 o xpor  iiiiont  .1  1 l>  iiuhiooii  iiop.itio  oaanpos  bj.y_a_- 
>;oa . PU : •ih-7p. 

Koso  nb.iuiii,  K.  lM'2  . Stuay  ot  aisonio,  pnosphorus,  stivotiino,  iiioipiiiiu- 
.ina  on  . orol  oil'.,  on  oontoiit  ol  o .iri' ohva  t .u  o in  v.it  lous  aoiiilv  oi)'..ins. 

Aron.  axp.  I’.itli.  I'n.iriii.is . >: 


1 '■  / i . "atuiio  iio  1 1 no  I'lpoi  .1 1 1 on  lio 
1 1 i I v oo  1 i lio s o t lo s 
lo  phosptii'io  bl.iiio".  I . K.  .Ao.iii. 


i 

i 


I 

I 

I 


A).  Kiank,  I'..  ;ini.l  S.  l,ss;ic.  1410.  IUht  tios  wi'scii  ili's  t iir  t im> 

s U>  1 1 Wfcli  si' 1 s bf  1 (li'f  phos  phor viM  >•.  i 1 t,  mij', . J'-'i  Hi  • t mak  . 

(M : 


‘♦4  . 

Oervienx,  K. 

. et  ; 

;il.  143-4, 

. Amt. 

. Ni-d.  1 

e^  . 1 A : 0 1 3 -<)2  1 . 

4') . 

Willi amson , 

i: . S . 

ami  K.i:. 

Maim. 

1423. 

Stmlies  on  t lu-  Jihysioloj.y  ol  the 

liver.  V.  riie  liepalic  laclor  in  cli  1 ore  1 orin  .iiui  pnoHpliorns  poisoniiij;. 
Aiiu_J  . I’liy  s i o 1 . o : 1! o / -1’  7 0 . 

At).  r.a  1 1 1 ;nu) , 1,.  14i‘*.  11  ricamliio  lie  1 Lessiito  e l;i  os;;  i d.i/,  i one  lii- 1 };r.i.sso 

nella  ilep.i'iu'rai;  i one  p.rassa.  Spi*  r mieiit  a 1 e Hb  : 

;*/.  hnnor,  A. 11.  IVAll.  Oxyp.en  eonsiim[)t  ion  and  Ketone  body  prodnotion  in  the 

carDon  t e t racli  1 or  i ile  ami  pliospliorns  latly  livers.  Ans  1 . J . l..,x|>.  biol. 
Med.  Se  1 . itU  ; /J-bO. 

Ad.  liaroiu- , d.,  A.  tiittauini,  T.  d.ileotti  and  1.  lerranova.  147,1.  Hu- 

e 1 1 i-e  t ol  Intoxication  i ndnceii  in  rat  liver  by  carbon  t e t i ach  1 or  i lU- , 

ethionine  ami  white  piiosphprns  on  tiie  level  ol  microsomal  cytochn'iiies 

b,  and  I',,,,.  t'.xpei  lent  ia.  24:  /J-7-«. 

‘+4.  lUanzani,  M.U.  14‘)A.  Unconplinj;  ol  oxiilalivi’  phosphory  1 al  i on  in 
mitochondria  1 rom  latty  livers.  11  i ocli  i m i ca  . r'l.  Ilioptiysica.  Act.i. 

1-4:  blA-b32.  “ 

‘>0 . llann,  K.d.  and  K.A.  Veale.  1410.  A latal  casi-  ol  poisoniii;;  by 

phosphorus,  will)  nmisna  1 snbcntaneons  hi'morrha^;es . l-iiict- 1 1:  lol-Ui-i. 

')  1 . Salleldi’r,  K.  I't  al.  1472.  Ketal  pnosplmms  p(>  i son  i np, : a stm.iv  ol 

lorty-livi'  ;intopsy  c.ises.  i I r ._  I’.i  1 h . liii.  1A7:  l^l-.lAO. 

>2.  Seller  liiij;,  S.S.  and  K.K.  bloiulis.  1 4-4  3 . riu'  e 1 I i-c  I ol  cliemicai  warlaiv 

ap.eiits  on  t lu'  iniman  evi'.  ^'itlaiy  Snr^'on  4ti:  70'7h. 

33.  Mmie.i,  K.  1403.  Un  caso  li  i o 1 1 a Imop  1 ep  i a ila  av  ve  1 en.imen  I o lo:.lorici>. 

Kiy.  Spei  . il  i ^'renlal.  K i^^  i o-hi.n  1 i .i  31:  »''4i)-^A7. 

3A  . l.iirieri,  I’.W.,  J.  Morris  ami  11. A.  I’inilt.  Ji  . 14/0.  llw  tre.itmi'iil  ol 

chemical  burns:  Spec  i.i  I iced  diapm'stu',  I he  r.ipen  I 1 1 , an>l  pi  aip.nos  t i c 

c, )ns  1 ill- ra  t 1 ons  . a.  Iranma.  10:  o)'4-n'42. 

33.  Schantr.,  K.  1 433.  Ocen  r re  nci‘  ol  nectimis  ol  Imtli  leel  Uillowinp,  li>c.il 

pluispiioriis  burns.  Arztl.  Ucnnsiiii.  {> : lo.'-Ui>. 

3t) . barker,  b.A.,  1-..A.  .SmncKier  and  lii-mi  i t t . I'toi.  I.llects  iii 

t h i osace  t .iiiii  lie  .nui  yellow  piiiispnoins  poisoniii;.  on  piolein  .-.vnlnesis  in 
yjyo.  l..ib . 1 lives t . 1*:  433-4o(). 

37.  tlameion,  J.M.  .nul  K.S.  I’.itrick.  I4u().  Acnli'  plm.-.plioi  n s poisoninp  ■ Ihe 

il  i s 1 r i bn  t I on  ol  toxic  doses  i>  1 yellow  phosphoius  in  the  I i;.snes  ol 
experimental  animals.  t''b'iU_  Sc  ij l.au  >3:  204-.’l‘4. 


3 7 


I 


l.i'o  , i'.  I't  .1 1 . M,iiiiu.'i  I I all  I'l'switv  t<  I Miiiiil  loii  i'><iu|>>iiiiitl  : I'lia- 

1.  Ai'iitf  I'l.il  Ti'xu'itv,  I’l  iiuai  V Skin  aiiil  Kv<'  lii  iIati>Mi,  I'l-imal 
Si'iisil  i/.ali.'ii,  aiul  I'lMp.'Sit  i on  an»t  Mol  al'v>  1 i sm.  |MO)<aiOil  lot  1 ho  U.S. 
Aimv  Mivl  i I il  KoMoaiih  anil  I'o  vo  1 o|>monl  I'ommanil  nniloi  I'onI  ai  I No. 
lUMIt-l-’  /•*  t’  I . 

Whitolov,  11. .1.,  11. U.  Slonoi  an.l  I'.l.  Ihi  o I t a 1 1 . I'l'il.  I'lio  n|<lako  ol 
i avl  i oao  t i VO  I'hoai'hoi  na  l>v  t ho  akin  ol  1 ho  lahhil.  HiiI.  .1.  l\\j>t  1 . 

I’at  ho  I . '•»  : / t SO . 


I'.iitv.  K.A.  1,  I'll . ^ I'lhl.  liiihiali  i .1  1 tlv>;ioni‘  .niil  I'ox  i .o  1 oj;v  , 
Inloiaoionoo  I’nhliahoia,  Now  Vi<ik,  ^ n.l  loviao.l  oilitioiiK 


Oon.'.iloi’,  r.A.,  M.  V.inoo,  M.  llolpoin  ami  0.  I.  Umhoigoi.  I'l'-i.  l,oi'.al 
Moilioino,  I’aMiolo^v  .in.l  1 o\ i ov' 1 o_k;v  , .’ml  o.l.  Apj'lolon  I'onl  ni  v I'lotta 
1 no  . , Now  Yoi  k . 


Mooaohlin,  S.  I'hi'i.  roiaonino.,  l'ia.i;noaia  .iml  I'l  o.i  I mont  . Isl  Aiiioi  lo. 

Oil.  i.'i  lino  A .Sliatlon  1 no  . , Now  Voik. 

l.iiak  , il.  1 '•  1 1 . Molaholiaiii  m I'hosphoina  po  i son  i no, . .\iiioi.  .1.  I'hvaiol. 

>1  ; 'I'l ‘>(\/  . 

Mi.'tino,  II.  Ihl.'.  riio  l.iolio  ,10  1.1  ooiilonl  ol  Iho  niino  ol  p.ilionla  wilh 

livoi  iliao.iao  .nul  ol  i.ihhila  wilh  o\poi  imonlallv  ininio.l  livoi.  .I.n>,in. 

.1 . Oaal  i I'onl  Ol  i' 1 : S-i  'll.  ii'.A. 


l..'lwionoo,  .I.S.  ;iiul  M.M.  lln  liman.  I'l.'').  ,\n  inoio.iao  in  Iho  niimhoi  ol 

iHonoovloa  in  Iho  hloo.l  1 o 1 1 ow  i n,o,  anl'o  ii  1 anoon  a .nhiii  n i a | i .i  i ion  ol  v o 1 1 ow 
phi'aphoina  in  oil.  .Aioh.  I’alh.  SI  ' SI'*. 


M.iino.  r.  I'lS''.  I’oiaonini'.  >lno  lo  ^.la  ol  phoaphoina.  I’.ii  I 1.  Iho 
homoi;i.nii  ol  lahhila.  Knknok.i,  Ao  1 a . Mo.l.  -tl' : Ih'-i  I'*'''. 

r.in.lk.i.  N.  I'Xu).  So  1 o 1 op,  1 0.1  I itiulios  on  vollow  phoaphoina  po  i aon  i n,o, . 

Niohiilai.  Irakli,  .'..laahi.  I'l;  1 '>  1 1 ''aS  . 
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RED  PHOSPHORUS  TOXICITY 


System 

or 

Effect 


Acute  Treatment 
(including 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


o Leucopenia  o None  Reported, 

(rabbit)  (9). 

Decreased 
erythrocyte 
counts  (rabbit) 

(9). 

o Human  None 
Reported. 


1.  Hematologic 
Effects 


2.  Bone  Marrow 
Changes 

3.  Immunologic 
Effects 


4.  Central 

Nervous  System 
(CNS)  Effects 


5.  Behavioral 
Effects 


6.  Cardiovascular 
Ef fee  ts 


o None  Reported. 


o None  Reported. 


o Loss  of  appetite 
(rabbit)  (9). 
o Human  None 
Reported . 


o See  CNS  effects. 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o None  Reported. 


7.  Biochemical  and  o None  Reported. 
Histochemical 
Effects 


Chronic  Treatment 
(long  term  tests;  up 
2 years  or  lifetime) 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o None  Reported, 


o None  Reported. 


o None  Reported. 


o None  Reported. 


RED  PHOSPHORUS  TOXICITY 


tbchronic  Treatment 
hort  term  tests; 
to  90  days) 


None  Reported. 


Chronic 

Treatment 

Predictive 

Tests 

(long  term  tests;  up  to 

2 years  or  lifetime) 

Endpoints 

Recommended 

o None 

Reported. 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 

None 

Reported . 

o 

None 

Reported . 

None 

None 
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RED  PHOSPHORUS  TOXICITY  (CONT*D) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic  Treatment 

or 

(i 

ncluding  in 

(short  term  tests; 

(long  term  tests;  up  to 

Effect 

vitro  tests) 

up 

to  90  days) 

2 

years  or  lifetime) 

8.  Body  Weight, 

o 

Body  We  igh  t No 

o 

None  Reported. 

o 

None  Reported. 

Tissues  and 

effect  (9). 

Organs 

o 

Liver  extensive 
fatty 

degeneration 
(rabbit)  (9). 

0 

None  Reported. 

o 

Kidney  fatty 

o 

None  Reported. 

Kidney  parenchymatous 

Degenerative 

and  interstitial 

changes  (rabbit) 
(9). 

nephritis  (9). 

0 

Spleen 
hyperplasia 
(rabbit)  (9) . 

o 

None  Reported. 

0 

None  Reported. 

0 

Genital  Organs 
hyperplastic 
changes  in 
ovaries  and 
testes  (rabbit) 
(9). 

o 

None  Reported. 

o 

None  Reported. 

0 

Skin  None 

0 

None  Reported. 

o 

Skin  desquamation 

Reported. 

(9). 

0 

Brain  nerve  cell 

degeneration 
(rabbit)  (9). 

0 

Osseous  System 

0 

Osseous  System  (human) 

None  Reported. 

Osteomyelitis  of 
mandible  questionable 
(11). 

9.  Cytologic  and 

o 

None  Reported. 

0 

None  Reported. 

o 

None  Reported. 

Cytogenetic 

Ef fee  ts 

f 

/ . I 


RED  PHOSPHORUS  TOXICITY  (CONT'D) 


Tonic  Treatment 
t term  tests; 

I 90  days) 


Chronic  Treatment  Predictive 

(long  term  tests;  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


ne  Reported. 


ne  Reported. 


ne  Reported. 
Ine  Reported. 


o None  Reported, 
o None  Reported. 


Kidney  parench3rmatous  1.  Kidney  1.  Histology-kidney 

and  interstitial  degeneration 

nephritis  (9). 

o None  Reported. 


o None  Reported. 


|ne  Reported. 


o 


Skin  desquamation 


o Osseous  System  (human) 
Osteomyelitis  of 
mandible  questionable 
(11). 


Reported. 


o None  Reported. 


None 


None 


RED  PHOSPHORUS  TOXICITY  (CONT'D) 


System 


Effect 


10.  Molecular 
Effects 


Acute  Treatment 
(including  ^ 
vitro  tests) 


o None  Reported, 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


o None  Reported. 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o None  Reported. 


11.  Embryonic  and  o None  Reported.  o None  Reported.  o None  Reported. 

Teratogenic 
Effects 


12.  Metabolism  o Red  phosphorus  o None  Reported.  o None  Reported. 

vapors  are 
rapidly  absorbed 
through  the 
respiratory  and 
digestive  tracts. 

No  other 
information  was 
given.  (10) 

13.  Carcinogenicity  o None  Reported.  o None  Reported.  o None  Reported. 


RED  PHOSPHORUS  TOXICITY  (CONT'D) 


1 


inic  Treatment 
term  tests; 

'0  days) 

Chronic  Treatment 
(long  term  tests;  up  to 

2 years  or  lifetime) 

Predictive 

Endpoints 

Tests 

Recommended 

Reported. 

o None  Reported. 

None 

None 

Reported . 

o None  Reported. 

None 

None 

Reported . 

0 None  Reported. 

None 

None 

Reported . 

o None  Reported. 

None 

None 

I 
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WHITE  PHOSPHORUS  TOXICITY  - MATRIX 


System 

or 

Effect 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


1.  Hematologic 
Effects 


o Leucopenia  and 
neutropenia 
(human)  (2, 

12,13). 

o Leucocytosis 
( human ) (2,14). 

o Increased  o Increased  monocytes 

monocytes  (14).  (65,  66). 


o Erythrocy tosis 
(human)  (2). 


o Decreased 

erythrocytes  (dog) 

(12,  66). 

Tests  in  rabbit 
inconclusive 
(67,  68). 

o Decreased  fragility 
of  erythrocytes 
(68). 

o Decreased  hemoglobin 
(dogs)  (12,  66). 
Tests  in  rabbits 
inconclusive  (67, 
68). 


o Decreased 
fibrinogen 
(uncoagulable 
blood)  (15). 
o Hemolysis 

(human)  (16). 


o Decreased  fibrinogen 
(uncoagulable  blood) 
(15,69). 

o Agglutination 
(rabbit)  (67). 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o Leucopenia  and  anemia 
(human)  (11).  1 


o Leucocyte  count, 
(human) , 
insignificant 
difference  between 
exposed  (1-17  years) 
and  nonexposed 
workers,  but 
polynumorphonuc lear 
to  lymphocyte  ratio 
was  affected  (90). 


o Absence  of 

methhemoglobin  (11). 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX 


ic  Treatment  Chronic  Treatment  Predictive 

erm  tests;  (long  term  tests;  up  to  Endpoints 

days)  2 years  or  lifetime) 


Tests 

Recommended 


ased  monocytes 

66). 


ased 

rocvtes  (dog) 

66)'. 

in  rabbit 
elusive 

68). 

ased  fragility 
ythrocy tes 

ased  hemoglobin 

) (12,  66). 

in  rabbits 
elusive  (67, 


o Leucopenia  and  anemia 
(human)  (11). 


o Leucocyte  count, 
(human) , 
insignificant 
difference  between 
exposed  (1-17  years) 
and  nonexposed 
workers,  but 
polynumor phonuc lear 
to  lymphocyte  ratio 
was  affected  (90). 


1.  Leucopenia 


2. 


In  vitro 
cytotoxic i ty 
tests 

Complete  RBC, 
d i f ferent ial , 
hematocrit 


Absence  of 
methhemoglobin  (11). 


ased  fibrinogen 
agulable  blood) 

9). 


1 1 na  t i on 
it)  (67). 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic  Treatment 

or 

(including  in 

(short  term  tests; 

(long  term  tests;  up  to 

Effect 

vitro  tests) 

up  to  90  days) 

2 years  or  lifetime) 

2.  Bone  Marrow 

o None  Reported. 

o Changes  affected 

o Same  as  subchronic. 

Changes 

directly  by  action 

on  bone  marrow 
elements  causing 
hyperemia  and  degene- 
ration (70)  and 
indirectly  by 
encroachment  upon 
medullary  canal 
containing  the 
hematopoietic  system 
(11)  or  through 
septic  absorption 
from  jaw  bone 
necrosis  (11). 


3.  Immunologic  o None  Reported.  o Decreased  antibody  o None  Reported. 

Effects  production  (67). 

4.  Central  Nervous  o The  Standard  o None  Reported  using  o None  Observed  (11). 

System  (CNS)  Phosphorus  Burn  SWPB. 

Effects  (SWPB)  White 

produced 
shivering, 
twitching,  loss 
of  appetite, 
poor  response 
to  stimulation 
and  depression 
(rabbit)  (17). 


/ 
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tE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


|nic  Treatment 
term  tests; 

K)  days) 


>ges  affected 
tly  by  action 
one  marrow 
^nts  causing 
iremia  and  degene- 
on  (70)  and 
rectly  by 
'oachment  upon 
illary  canal 
aining  the 
topoietic  system 
or  through 
ic  absorption 
i jaw  bone 
osis  (11). 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


Same  as  subchronic. 


Predictive 

Endpoints 


1 . Jawbone 
necrosis 


Tests 

Recommended 


1.  Histological 
study 


eased  antibody  o None  Reported. 
1C  t i on  (67). 


0 None  Observed  (11). 

1.  Neuronal 

1.  Neuroblastoma 

damage 

cytotoxicity  test 

2.  Glioma 

2 . G 1 i oma 

damage 

cytotoxicity  test 
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WHITK  IMIOSI’HOIUIS  TOXICri’Y  - MAI’RIX  (CONT’n) 


Sy  St 
or 
Kilo 

/*. 


om 

Aoiito  Trt'.'itmont 

Siiboli  roil  i 0 Tri'.i  t iiioiit 

(’ll  roll  i 0 

Tro.i  1 iiiont 

( i no  1 ud  i ny,  i n 

( short  t oriii  t I'st  s ; 

( 1 ong  1 1 

■rill  tost  s ; lip  t o 

ot 

V i t ro  tost  s ^ 

lip  to  ‘10  (1.1  vs) 

2 yi’.irs 

or  1 i 1 ot  i mo ) 

(\'iUf.il  Nofvoiis 

o ll.'im.'igi'  to 

o S.iiiK'  .IS  .loiiti'  St  mill's 

o None 

(ihsorvi'il  (11). 

Syslt'iii  (CNS) 

mi  dbr.'i  i n jiiul 

( r.ihh  i t , (log) 

K 1 1 oc  t s 

li  i iuUm-.'i  i n n;iny,  1 i .'i 

1 (I7,1‘),71,72). 

( C'oiit  ' ll  ) 

.111(1  K li.i  C(‘lls, 

Noiii’  ri'portoil  in 

spt'o  i ri  0.1 1 ly 
i n I ('r  i or  o I i vivs  ; 

liiiiii.ins  , 

oxt  oils  i VC" 

snh.irolnio  i il  .iiul 
sulioor  t i 0.1  ] 
liomorrli.iKi' , 

r.ioi.il  p.ir.ilvsis 

.111(1  livporomi.i 
( r.ibli  i t , (log  , 
Inim.iiil  (18-'.!0l. 

o I’.ir.ist  lios  i s , 

(!(' 1 or  i iim , .loiito 

0X0  i t (MIllMIt  . 

psyoosis,  00111.1 
( liiiiii.iii ) (l‘),l’t11. 

Hi'li.i V i or.i  1 

o S('('  (INS  I'lfi'ots 

o I lit  I'lis  i t i 0(1 

o None  Ko]iorl(' 

(1. 

K 1'  f ('0  1 s 

('xo  i I .1 1 i on  .111(1 

i no  r(’.iso(l  oor  1 i o.i  1 

('XO  i 1 .ih  i 1 i t V ( r.il  s ) 
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PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


at  acute  studies  o None  Observed  (11). 
it,  dog) 

9,71,72). 
reported  in 

ta. 


ic  Treatment 
arm  tests ; 
days) 


Predictive 
Endpo i nt  s 


Tests 

Recoimnended 


Otified  o None  Reported, 

tat  ion  and 
aased  cortical 
tability  (rats) 


None 


None 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic 

Treatment 

or 

(including  ^ 

(short  term  tests; 

(long  term  tests;  up  1 

Effect 

vitro  tests) 

up  to  90  days) 

2 years 

or  lifetime) 

6.  Cardiovascular 
Effects 

o Electrocardio- 
graph measure- 

o None  Reported. 

o None 

Reported . 

ments  showed 
abnormal 
Q-Tintervals , 

S-T  segment 
depression, 
T-wave  changes , 
brachycardia, 
low  voltage 
QRS  complex, 
ventricular 
arrythmia 
(rabbit,  human) 
(2,14,17,20-23). 
o Arterial 
hypotension 
(human)  (14). 


7.  Biochemical  and  o Blood  o Blood  (experimental  o Blood  (experiments 

Histochemical  (experimental  animals)  animals). 

Effects  animals)  None  Reported. 

Elevated  serum  Elevated  a-globin 

phosphorus  (74,75),  nonprotein 

(17,24-26),  nitrogen,  amino  acid 

plasma  urea  and  uric  acid  (67), 

nitrogen  guanidine  (80). 

(24-26),  plasma 
sodium  and 
potassium 
(24-26),  non- 
protein nitrogen 
(28)  andethereal 
sulfates  (28). 


r 


I 


I 


hHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT*D) 


Shronic  Treatment 
►rt  term  tests; 
to  90  days) 

• 

■one  Reported. 


Ilood  (experimental 
nimals) 

levated  a-globin 
74,75),  nonprotein 
itrogen,  amino  acid 
nd  uric  acid  (67), 
jianidine  (80). 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o None  Reported. 


o Blood  (experimental 
animals) . 

None  Reported. 


Pred ic  t ive 
Endpoints 


None 


None 


Tests 

Recommended 


None 


None 
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WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

or 

Effect 


Acute  Treatment 
( including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  tc 
2 years  or  lifetime) 


7. 


Biochemical  and 

Serum  SGPT 

Serum  esterase 

Histochemical 

(24-26).  Lipase 

(35,76). 

Effects 

(15,29). 

(Cont ’d) 

Depressed  serum 

Depressed  plasma 

calcium  (24-26), 

albumin  and 

serum  creatinine 

fibrinogen  (75), 

(24-26), 
polypeptide 
nitrogen  (28), 
and  total 
residual 
nitrogen  (28). 

total  proteins  (67). 

No  change 

No  change  chylomicron 

glucose  (27), 
fatty  acids  (28), 
cholesterol  (28), 
lecithin  (28). 

counts  (77-79). 

o Blood  (human) 

0 Blood  (human)  None 

0 Blood  (human). 

blood  chemistry 
picture  similar 
to  that  seen  in 
experimental 
animals  (14,34). 
Elevated  protein 

Reported . 

Elevated  blood 

nitrogen  (13,30). 

potassium  and 

Depressed 

erythrocyte 

chloride  (11). 

cholinesterase 

(14). 

No  change  urea 

No  change  inorganic 

nitrogen  (13,30). 

phosphorus,  alkaline 

bile  pigment 

phosphorus,  calcium 

metabolism  (13). 

and  magnesium  (90). 
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I 


I 

I 

! VIHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


kchronic  Treatment  Chronic  Treatment  Predictive 

Mrt  term  tests;  (long  term  tests;  up  to  Endpoints 

I to  90  days)  2 years  or  lifetime) 


Serum  esterase 
(35,76). 

Depressed  plasma 
albumin  and 
fibrinogen  (75), 
total  proteins  (67). 


No  change  chylomicron 
counts  (77-79). 


Blood  (human)  None  o Blood  (human). 
Reported. 


Elevated  blood 
potassium  and 
chloride  (11). 


Tests 

Recommended 


No  change  inorganic 
phosphorus,  alkaline 
phosphorus,  calcium 
and  magnesium  (90). 
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WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

or 

Effect 


Acute  Treatment 
( inc lud ing  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Biochemical  and 

o Liver 

o Liver 

Histochemical 

Elevated 

Elevated 

Ef fee  ts 

triglycerides 

triglycerides  (81), 

(Cont 'd) 

(31-34),  total 

total  lipids  and 

lipids  (31,32), 

cholesterol 

phospholipids 

(insignificant)  (81), 

(31),  total 
nitrogen  (28), 
fatty  acids 
(28,39), 

glycogen(40) . 

t 

cholesterol 
(28),  poly- 
peptide nitrogen 
(28),  residual 
nitrogen  (28), 
lecithin  (28), 

glucose-6- 
phosphatase 
activity  (37). 

Cytochrome-C  (68). 

Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o Liver  None  reported. 
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UTE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


ironic  Treatment 

Chronic  Treatment 

Predictive 

Tests 

t term  tests; 

(long  term  tests;  up  to 

Endpoints 

Recommended 

1 90  days) 

2 years  or  lifetime) 

ver 

evated 

o Liver  None  reported. 

1.  Liver 

cirrhosis 

1.  Histologic  tests 

2.  Biochemical  tests 

iglycerides  (81), 
tal  lipids  and 
olesterol 

nsignificant)  (81), 
jrcogen(40) . 


I 


kochrome-C  (68) 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 


Effect 


Acute  Treatment 
(including  iji 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


Biochemical  and 
Histochemical 
Ef fee  ts 
(Cont 'd) 


Depressed 
glucoronic  acid 
(38),  glycogen 
levels  (40-47). 

Esterase  activity 
(15,35,36). 


8.  Body  Weight, 
Organs  and 


X issues 


Mitochondrial 
ATP^^ , 

No  change 
cytochrome  b-5, 
P-450  (48). 


Body  Weight  None 
Reported . 

Skin  non-irritant 
( 7) , produced 
subcutaneous 
hemorrhage  (50). 


Depressed 

phospholipids  (81). 
hypoglycemia  (41,45), 
octanoate  oxidation 
(83). 

Esterase  activity 
(35,76),  malic 
dehydrogenase  (MDH) 
(insignificant)  (81). 
Fructose,  1, 
6-diphosphate 
aldolase  (F16D) 
activities  (81). 
Mitochondrial  ATP 
(48,82). 

No  change  lactic 
dehydrogenase  and 
glucose  6-phosphate 
dehydrogenase(81 ) . 


Body  Weight 
Decreased  (84). 

Skin  None  Reported. 


Body  Weight  Decreased 
(84,91). 

Skin  None  Reported. 


TE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


onic  Treatment 
term  tests; 

90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


Predictive 

Endpoints 


Tests 

Recommended 


ressed 


spholipids  (81). 
oglycemia  (41,45), 
anoate  oxidation 

). 

erase  activity 
,76),  malic 
ydrogenase  (MDH) 
significant)  (81). 
ctose,  1, 
iphosphate 
olase  (F16d) 
ivities  (81). 
ochondrial  ATP 
,82). 

change  lactic 


ydrogenase  and 
icose  6-phosphate 
ydrogenase(81) . 


iy  Weight 
reased  (84). 
n None  Reported. 


Body  Weight  Decreased 
(84,91). 

Skin  None  Reported. 


None 


None 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

or 

Effect 


Acute  Treatment 
(including 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


8.  Body  Weight, 
Organs , and 
T issues 
(Cont 'd) 


o Liver  increased  o 
weight  (31), 
extensive 
degeneration  of 
hepatic  cells 
with  micro- 
thrombi in 
portal  vein 
(18,24-26), 
fatty 

infiltration, 
necrosis  and 
hemorrhage 
(12,18,40). 
Eosinophilic 
necrosis  of 
hepatic  cells, 
cellular 
infiltration 
(granulocytes , 
lymphocytes ) 
into  portal 
spaces , 

proliferation  of 
bile  ducts  and 
fibrosis  (humans) 
(51). 

o Kidney  glomerular  o 
and  tubular 
necrosis , 
desquamation  and 
perinuclear 
vacuolization  of 
cells  (24-26). 

Renal  cortical 
degeneration 
(humans)  (51). 


Liver  decreased 
weight  (81),  fatty 
degeneration, 
hemorrhage  and 
cellular  necrosis 
(74),  lack  of 
chromoffin  reaction 
(40). 


Kidney  Hydropic 
degeneration  (12), 
tubular  degeneration 
(85). 


o Liver  cirrhosis, 
destruction  of 
fibroblast  and 
parenchymal  cells, 
fibrosis  (periportal) 
(92,  93). 


o Kidney . None 
Reported . 
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SPHORUS  TOXICITY  - MATRIX  (CONT'D) 


reatment 

tests; 

s) 


Chronic  Treatment  Predictive 

(long  term  tests;  up  to  Endpoints 
2 years  or  lifetime) 


reased 
1),  fatty 
ion , 
e and 
necrosis 
k of 

n reaction 


Liver  cirrhosis, 
destruction  of 
fibroblast  and 
parenchymal  cells, 
fibrosis  (periportal) 
(92,  93). 


Tests 

Recommended 


(See  No.  7 above) 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

or 

Effect 


8.  Body  Weight, 
Organs ,and 
Tissues 
(Cont ' d) 


Acute  Treatment 
( i nc  1 ud  i ng  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o 

Spleen  None 

o 

Spleen  enlarged  with 

o 

Spleen  None 

Reported . 

large  amounts  of 
hemosiderin  (12). 

Reported . 

o 

Gastrointestinal 

o 

Gastrointestinal 

o 

Gastrointestinal 

Tract  massive 

Tract  None 

Tract  None 

hemorrhage  (20). 

Reported . 

Reported . 

o 

Endocrine  Organs 

o 

Endocrine  Organs 

o 

Endocrine  Organs 

None  Reported. 

adrenal 

insufficiency  (40). 

None  Reported. 

0 

Lung  hemorrhagic 
broncho- 

o 

Lung  None  Reported. 

o 

Lung  None  Reported 

pneumonia  (20). 

o 

Pancreas  None 

o 

Pancreas 

o 

Pancreas  None 

Reported . 

mitochondrial 

Reported . 

deformities  (86). 


o Heart  pathologic 
changes  in 
onyocardial 
cells  and  inter- 
stitial edema 
(21),  fatty  in- 
filtration (51). 
o Eye  non-irritant 
(rabbit)  (7)  but 
in  humans  it 
produced  burning 
sensation, 
blepharospasm 
and 

opthalmophegia 
(52-54). 
o Ear  None 
Reported . 


o Heart  None  Reported. 


o Heart  None  Reported. 


o Eye  None  Reported 


o Eye  None  Reported. 


o Ear  necrosis  of  the  o Ear  None  Reported, 
ear  (no  other  detail 
given)  (71). 


I 

1 

1 

i 


i 


I 
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>HOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


( Treatment 
tests; 
lays) 


(enlarged  with 
IBOunts  of 
lerin  (12). 

Pte  stinal 

one 

d. 

ae  Organs 

eiency  (40). 
one  Reported. 


odrial 
ties  (86). 

Done  Reported. 


Ine  Reported 


trosis  of  the 
other  detail 
71). 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


o Spleen  None 
Reported . 

o Gastrointestinal 
Tract  None 
Reported . 

o Endocrine  Organs 
None  Reported. 

o Lung  None  Reported. 


o Pancreas  None 
Reported . 


o Heart  None  Reported. 


o Eye  None  Reported. 


o Ear  None  Reported. 


Predictive 

Endpoints 


12 


Tests 

Recommended 


j 


t 
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WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

or 

Effect 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


8.  Body  Weight, 
Organs , and 
T issues 
( Cont ' d) 


Osseous  Skeleton 
bone  necrosis 
of  feet  (55). 


Osseous  Skeleton, 
jaw  necrosis, 
periosteal  changes 
and  calcium 
resorption  from  bone 
leading  to  bone 
atrophy  (84,87,88). 


Osseous  Skeleton  jaw 
necrosis,  periosteal 
changes  and  calcium 
resorption  from  bone 
leading  to  bone 
atrophy  (4,11,90, 
94-96). 


Cytologic  and 

o Nuclear 

Cytogenetic 

aberrations 

Effects 

swelling  of 
nuclei , 
vacuolation, 
membrane 
destruction, 
hypochromasia, 
pyknosis,  karyo- 
rrhexis,  delayed 
mitosis  (38,51). 

Molecular 

o Inhibition  of 

Effects 

protein 

syntheses  in  rat 
myocardium  (21), 
liver  (33,56), 
duodenum  and 
pancreas  (56). 

Embryonic  and 

o No  effect  on 

Teratogenic 

fetus  (human) 

Effects 

(51). 

Mitotic  arrest 
(Kuffer  cells)  (89). 


None  Reported. 


o None  Reported. 


None  Reported. 


tTE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


k 


conic  Treatment  Chronic  Treatment  Predictive  Tests 

C term  tests;  (long  term  tests;  up  to  Endpoints  Recommended 

90  days)  2 years  or  lifetime) 

leous  Skeleton,  o Osseous  Skeleton  jaw  1.  Bone  1.  Bone  fracture 

t necrosis,  necrosis,  periosteal  necrosis  and  strength  test 

ciosteal  changes  changes  and  calcium  atrophy  2.  Calcium  balance 

1 calcium  resorption  from  bone 

•orption  from  bone  leading  to  bone 

•ding  to  bone  atrophy  (4,11,90, 

rophy  (84,87,88).  94-96). 

totic  arrest  o None  Reported.  None  None 

jtffer  cells)  (89). 


■e  Reported.  o None  Reported.  None  None 


. None  None 

f 

i 
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WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic  Treatment 

Pred: 

or 

(including  in 

(short  term  tests; 

(long  term  tests;  up  to 

Endp« 

Effect 

vitro  tests) 

up  to  90  days) 

2 years  or  lifetime) 

12.  Metabolism 

0 Phosphorus  is 
rapidly  absorbed 

0 Same  as  in  acute 
studies . 

o Same  as  in  acute 
studies . 

1 

from  the  gut  and 
is  principally 
incorporated 
into  the  liver 
where  it  reaches 
a maximum  (60-73% 
of  dose)  within 
2-3  hours.  The 
order  of  concen- 
tration in  other 
organs  is  as 
follows;  blood 
(12%),  kidney 
(4.2%),  spleen 
(1.8%),  bone 
(1.7%)  and  brain 
(0.3%).  Con- 
centration in 
skin  greatest 
in  growing  areas 
compared  to 
quiescent  areas 
(7,28,37,58-65). 

o Phosphorus  is  o Same  as  in  acute  o Same  as  in  acute 

rapidly  oxidized  studies.  studies, 

to  hypophosphorus 
and  phosphoric 
acid  in  tissues 
and  organs 
(61,  62). 


14 


rs  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


tttic  Treatment 
term  tests; 

0 days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


t as  in  acute 
jies . 


as  in  acute 
^ies . 


o Same  as  in  acute 
studies . 


o Same  as  in  acute 
studies . 


Predictive 

Endpoints 


None 


Tests 

Recommended 


None 


I 

14 


1 


N 


System 

or 

Effect 


WHITE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


Acute  Treatment 
(including  Jji 
vitro  tests) 


Subchronic  Treatment 
(short  term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


h 


Metabolism 

o Major  route  of 

0 Major  route  of 

o In  humans  white 

(Cont ’d) 

excretion  is  the 

excretion  is  the 

phosphorus  is 

urine  (54%  of 

urine.  The  urinary 

excreted  essentially 

dose  in  4 hrs) 

nitrogen  partition 

as  organic  and 

with  lesser 

between  the  urea. 

inorganic  phosphates 

amounts  in  feces 

ammonia  and  amino 

insignificant  amount 

(2.0%  of  dose  in 

acids  was  not  always 

are  exhaled  in  the 

4 hrs)  (7,28). 

disturbed.  Most 

breath,  sweat  and 

Urine  alkalinity 

important  change  was 

feces;  urinary 

is  increased  as 

increased  in  amino 

changes  include 

is  the  ratio  of 

nitrogen.  Sugar 

elevation  of 

urea  tototal 

tolerance  test  was 

ammonia  nitrogen  at 

nitrogen  and 

markedly  decreased. 

the  expense  of  urea 

lactic  acid. 

Terminal  acidosis 

nitrogen,  increased 

The  ratio  of 

was  also  observed 

oxidized  sulfur 

non  urea  and 

(dogs)  (69). 

content  and 

ammonia  nitrogen 

Decrease  in  urinary 

albuminaria.  Other 

to  total 

creatine  and  changes 

compounds  which  may 

nitrogen 

in  creatine  to 

appear  in  the  urine 

excreted  was 

creatinine  ratios  in 

are  acetone,  diaceti 

30%  in 

the  urine  was  also 

acid,  leucine  and 

intoxicated 
animals  (28), 
albuminar ia 
occurs  under 

severe 

intoxication 

(63,64). 

seen  (dogs)  (12). 

tyrosine  (11,12, 
97,98). 

13.  Carcinogenicity  None  Reported. 


None  Reported. 


o Phosphorus  did  not 
produce  tumors  in 
rats  and  guinea  pigs 
(91,99). 

There  are  no  reports 
on  carcinogenicity  oi 
phosphorus  in  humans. 


I 
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TE  PHOSPHORUS  TOXICITY  - MATRIX  (CONT'D) 


ronic  Treatment 
t term  tests; 

90  days) 


jor  route  of 
cretion  is  the 
ine.  The  urinary 
trogen  partition 
tween  the  urea, 
■onia  and  amino 
ids  was  not  always 
■turbed.  Most 
ortant  change  was 
reased  in  amino 
trogen.  Sugar 
lerance  test  was 
rkedly  decreased, 
rminal  acidosis 
S also  observed 
ogs)  (69). 
crease  in  urinary 
eatine  and  changes 
creatine  to 
eatinine  ratios  in 
e urine  was  also 
en  (dogs)  (12). 


e Reported. 


Chronic  Treatment 
(long  term  tests;  up  to 
2 years  or  lifetime) 


In  humans  white 
phosphorus  is 
excreted  essentially 
as  organic  and 
inorganic  phosphates; 
insignificant  amounts 
are  exhaled  in  the 
breath,  sweat  and 
feces;  urinary 
changes  include 
elevation  of 
ammonia  nitrogen  at 
the  expense  of  urea 
nitrogen,  increased 
oxidized  sulfur 
content  and 
albuminaria.  Other 
compounds  which  may 
appear  in  the  urine 
are  acetone,  diacetic 
acid,  leucine  and 
tyrosine  (11,12, 
97,98). 


Phosphorus  did  not 
produce  tumors  in 
rats  and  guinea  pigs 
(91,99). 

There  are  no  reports 
on  carcinogenicity  of 
phosphorus  in  humans. 


Predic  t ive 
Endpoints 


Tests 

Recommended 
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Tracer  Jitco 


EXPERIMENTAL  FORMALDEHYDE  INTOXICATION 

Backup  Report  to  Formaldehyde  Toxicity  Matrix 


'i 


i 1 i)o^ 


K.xpor  imont  a 1 Kitrma  1 iloliy  do  1 at  ox  i oa  t i on 


^NTROiniCTl  ON 

ACl^^TK  TOXICITY  (liicUuliny,  _i_n  vitro  studios^ 

t.  Homatolog^ic  Kf foots 

Oxygon  oomtiining  oapaoify 
So  1 oo  t i VO  pormoaS i I i t y RBC 

2.  Bono  Marrow  Changos 

d . Imnuino  1 og i o Rosponso 

4.  CjMitral  Nor  volts 

Optical  chronaxio  changos 
Co roh r a 1 o 1 oc  t r i c a 1 ac  t i v i t v 
Central  norvous  system  damage 
Nasopalatine  nerve  rosponso 
Ooprossion  olfactory  structures 
Stress  rhythm  brain 
Cor  t i c a 1 mod i a 1 mic lens 
Noiiroh  la  stoma  colls  ui  vMtj^ 

'> . i.'l’l'l'  -*■'.*1*21^'  ^ 

h.  Cardiovascular  Kf foots 


Hypotension 

Ci  roll  1 atory  co  1 1 apse 

Rospi rat i on  i nh i h i t i on 

7.  Biochomica  1 and  H i s ^otju'nm' a 1 Changes 


Knzxanos 

Alkal i no  phosphatase 
C 1 n t am i c dohy d rogo na s o 
l.ac  t i c dehydrogenase 
N icot  i nami  do -Aden i no  coonz\aiios 
I'roto  i ns 
Homo 

Hyper gl ycomi a 
Ac i dos i s 


i 


I 


I 

1 


I 

I 

'i 


8 • Effects  on  Tissues  and  Organs 
Skin 

Trr i tat i on 
Anesthesia 

Eyes 

Irr i tat i on 

Intraocular  hypertension 
Protein  leakage 
Corneal  injury 

Nose 

Irr i tat i on 

Larynx 

Irr i tat i on 

Eilema 

Spasm 

Trachea 

Irr i tat i on 
Cilia  inhibition 

Bronch i 

Bronch  i t is 

Lungs 

Edema 

Hemorrhage 
Alveolar  damage 
Other  lesions 
Airflow  resistance 
Respiratory  rate 
Tidal  volume 

Stomach 

Inflammat ion 
U 1 cerat i on 
Hema  teme  s i s 
S t r i c t u re  s 

Intest i nes 


i I 


Per  is t a 1 si  a 


Liver 


Hyperemi a 
Edema 
Nec  ros i s 

Kidneys 

Hyperemi a 
Edema 

Other  damage 
Uterus 


Edema 

Hemorrhage 
Nec  ros i s 

Poly  nuc I ea  r i n f i 1 1 r a t i on 
Bladder 

Edema 

Tn  f I ammat ion 
Nec  ros i s 
Adhesions 
U I cerat i on 
Hemorrhage 

Leucocytic  infi 1 trat ion 

Cytologic  and  Cytogenetic  Effects 

Prote in  coagu I at i on 
Caryorhexis 
Pyknos  i s 
Mutagenic  ity 

Escherichia  col  i 
Drosophila  melanogaster 

Molecular  Effects 


DNA  cross-linking 

Reproductive  and  Te r atogenic  Effects 
Testis 

Inhibition  spermatogenesis 
Tubular  degeneration 
Calcification  tubules 
Atrophy 

Spermatoc i da  1 effect 


Metabolism 


Absorption 
Biotrans  format i on 

Formic  acid  vivo  and  ^ vitro) 

Methanol  vivo  and  ^ vitro) 

Excretion 

Care inogenes is 
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SUBCHRONIC  TOXICITY  (Short-term  tests,  less  than  90  days) 

1 . Hematologic  Effects 

2.  Bone  Marrow  Changes 

3.  Immunologic  Response 

Sensitization 
Allergic  dermatitis 

4.  Central  Nervous  System  (CNS)  Effects 

Optic  cortex 
Olfactory  analyzer 
Olfactory  bulbs 
Visual  center 

5 . Behavioral  Effects 

6.  Cardiovascular  Effects 

7 . Biochemical  and  Histochemical  Changes 

8.  Effects  on  Tissues  and  Organs 

Eye 

Lachrymation 

Discharge 

9 . Cytologic  and  Cytogenetic  Effects 

10.  Molecular  Effects 

1 1 . Reproductive  and  Teratogenetic  Effects 

Gestation  time 
Embryo  organ  weights 
Adrenals 
Kidneys 
Thymus 
Lung 
Liver 

12.  Metabolism 

13 . Carcinogenesis 
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CHRONIC  TOXICITY  (Long-term  tests,  up  to  2 years  or  lifetime) 


1.  Hematologic  Effects 


2.  Bone  Marrow 


3.  Immunologic  Response 


Sens i t i zat ion 
Allergic  dermatits 

4.  Central  Nervous  System  (CNS)  Effects 


Cerebral  cortex 


5.  Behavioral  Changes 


6.  Cardiovascular  Effects 


Inflammation  of  heart 


7.  Biochemical  and  Histochemical  Changes 


Liver  glycogen 


8.  Effects  on  Tissues  and  Organs 


Fingernails 
Inflammation 
Suppurat ion 


Lungs 


Inflammat ion 

Proliferation  IvTnphoh ist iocy t ic  elements 
Hyperemia 


Stomach 


Irritation 


Liver 


Cellular  changes 
Focal  hyperplasia 


Kidnevs 


Focal  inflammatory  changes 


Reticuloendothelial  system 


Activation  of  liver  elements 
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9 .  Cytologic  and  Cytogenetic  Effects 

10 . Molecular  Effects 

RNA  granules 

Enlargement 
Rare  fac  t i on 

1 1 . Reproductive  and  Teratogenic  Effects 

1 2 . Netabol ism 

1 3 . Care inogenes is 

Injection  site  sarcomas 
Spindle  cell  sarcomas 
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EXPERIMENTAL  FORMALDEHYDE  INTOXICATION 


INTRODUCTION 

Toxic  effects  of  formaldehyde  ingested  accidentally  or  suicidally 
were  reported  as  early  as  1904.  During  the  investigation  (in  1909)  of 
the  possible  value  of  formaldehyde  as  a preservative  for  milk,  the  U.S, 
Department  of  Agriculture  found  that  formaldehyde  is  capable  of  inducing 
a systemic  allergenic  sensitization  and  skin  reaction.  The  severe  effects 
of  formaldehyde  vapors  on  the  respiratory  tract  were  also  reported  early 
in  the  history  of  the  compound.  Human  exposure  results  from  its  use  as  a 
fumigant,  disinfectant,  germicide,  and  fungicide,  as  well  as  its  wide 
application  in  industry.  Formaldehyde  is  used  in  the  manufacture  of 
phenolic  resins,  artifical  silk,  dyes,  explosives  and  organic  chemicals. 
It  is  also  used  for  coagulating  rubber  latex,  tanning  and  preserving 
hides,  waterproofing  fabrics,  hardening  gelatin  plates,  and  for  other 
purposes  in  photography. 

The  present  federal  standard  for  formaldehyde  in  the  workplace 
specifies  an  8-hour  time  weighted  average  (TWA)  limit  of  3 ppm 
formaldehyde.  The  acceptable  ceiling  concentration  is  5 ppm 
formaldehyde,  with  an  acceptable  maximum  peak  above  the  acceptable 
ceiling  concentration  of  10  ppm  for  a total  of  no  more  than  30  minutes 
during  an  8-hour  shift  (1). 

Formaldehyde  vapors  are  strongly  irritating  to  mucous  membranes  of 
the  eyes  and  respiratory  tract.  Skin  contact  may  result  in  an  Irritant 
illergic  dermatitis.  Ingestion  may  cause  severe  gastrointestinal 
n.  hema femes i s , hematuria,  proteinuria,  anuria,  as  well  as  acidosis. 

• ■•>.  om.T,  and  death  (2). 

- de  intoxication  can  be  induced  in  common  laboratory  animals 
• '■'  •'s,  guinea  pigs,  dogs,  cats,  and  monkeys)  via 

..'ministration,  parenteral  injection  or  by  direct 

A.iite  toxic  doses  of  formaldehyde  for  various 
i .'iMi  in  the  following  table: 


I 


I 


1 


Rat 

Ora  1 

^•^50 

800 

mg/kg 

Guinea  pig 

Oral 

LD^O 

260 

mg/kg 

Rat 

Inhalation 

*LCLo 

250 

ppm/4  hr 

Mouse 

Inha lat i on 

LCLo 

900 

mg/m^/2  hr 

Cat 

Inha lat ion 

LCLo 

820 

3 

mg/m  /8  hr 

Rabbit 

Skin 

270 

mg/kg 

*LCLo  - lowest 

published  lethal 

dose  ( 3 ) . 

Specific  effects  of  formaldehyde  on  the  various  organs  and  body 
systems  in  experimental  animals  will  be  discussed  in  the  following 
sections  on:  I.  Acute  Toxicity,  II.  Subchronic  Toxicity,  and  III. 
Chronic  Toxicity  studies.  Acute  toxicity  in  this  report  is  limited  to 
toxic  effects  following  administration  of  a single  dose.  Subchronic 
toxicity  refers  to  toxicity  observed  in  short-term  tests  of  less  than  90 
days.  Chronic  toxicity  includes  toxic  effects  occurring  in  long-term 
tests,  two  years  or  lifetime  treatment. 

Information  Sources 

The  information  contained  in  the  body  of  this  document  was  derived 
mainly  from  such  critical  current  reviews  as: 

o Occupational  Exposure  to  Formaldehyde,  DHEW  (NIOSH)  Publ. 
No.  77-126,  National  Institute  for  Occupational  Safety  and 
Health,  Cincinnati,  Ohio,  1976. 

o Registry  of  Toxic  Effects  of  Chemical  Substances,  National 
Institute  for  Occupational  Safety  and  Health,  U.S. 
Government  Printing  Office,  1976. 

o Industrial  Hygiene  and  Toxicology,  Vol.  II,  Patty,  F.A. 
(ed.),  Interscience  Publishers,  New  York,  N.Y.,  1963. 

o Clinical  Toxicology  of  Commercial  Products,  2nd  edition, 

Gleason,  M.N.,  R.E.  Gosselin,  and  H.C.  Hodge,  Williams  and 
Wilkins  Co.,  Baltimore,  Maryland,  1963. 

o The  Merck  Index,  9th  edition,  Windholz,  M.  (ed.),  Merck  and 
Co.,  Inc.,  Rahway,  N.J.  1976. 
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In  addition,  somo  pertinent  research  reports  identified  through  a Tracer 
Jitco  literature  search  were  included. 

The  information  contained  in  the  backup  document  is  summarized  in  the 
appended  matrix.  The  term  "none  reported,"  which  appears  in  the  matrix, 
indicates  that  no  literature  reference  related  to  that  particular  item 
was  identified. 
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ACin’K  TOXICITY  (Incliulinj;  _ui  vitro  obsorvat  ions ) 

1 . Homa t o 1 og  i c _Kf 

Roll  1 ooil  colls  snbjoctoil  to  0.2%  t ormaliloliyilo  in  solution  lost  tho 
capability  of  taking;  up  oxygon  but  romainoil  ponnoablo  to  ammonium 
cblorivlo  anil  impormoablo  to  soil  i urn  cbloriilo.  'I'b  i s normal  soloctivo 
pormoability  was  lost,  bowovor,  whon  tho  colls  woro  troatoil  with  a 4% 
solution  ot  tbo  alilobyilo.  'llio  authors  postulatoil  that  tho  ol'locts 
rosultoil  1 rom  cross  linking  ot'  proto  in  chains  ami  opening  poros  in  tho 
onvolopo  of  tho  orythrocytos  ( 1 , 4 1 . 

2.  Bono  Marrow  Changos 


No  ilata  roportoil  in  litoraturo  survovoil  to  ilato. 


1.  Immunologic  Rosjion^o 

A iliroct  sous  i t i zat  i oil  to  forma  1 ilohvilo  in  tho  vapor  phase 
appears  to  bo  relatively  rare  (S’). 

4.  Central  Nervous  S^st om  (CNS)  Kf foots 

Molokhina  (o')  ilotorminoil  optical  chronaxio*  effects  ami  oilor 
throsholil  in  human  subjects  oxposoil  to  forma  1 liohvilo  gas.  Concentrations 
as  low  as  0.084  mg/m  (0.07  ppm)  inhaloil  for  a porioil  of  ')  minutes 
ilocroasoil  tho  chronaxio  in  two  i lul  i v i ilua  1 s anil  incroasoil  it  in  a thirO. 
ilhangos  woro  more  severe  at  concentrations  of  0.2  anil  1 . SO  mg/m'  (0.1b 
anil  1.20  ppm)  but  still  showt'il  iiuliviitual  variations,  i.o.,  two  sub'iocts 
showoil  ilocroasos  aiul  a thiril  hail  an  increase  in  the  chronaxio. 
Concentrations  of  0.0b8  to  0.07S  mg^'m  hail  no  effect  on  rheobase  or 


*Cl>ronaxie  or  chronaxy  - tlie  minimum  time  an  electric  current  must  flow 
.’It  a volt.'ige  twice  the  rtieobase  (minimum  potiMitial  of  electric  curri-nl 
necessarv  to  proiluce  stimulation)  to  cause  a muscle  to  contract. 


K'ctrical  chroiiaxit*  was  liocreasod  from 
0.06-0.2-1  iiK  in  two  siibjocts.  ll^o  individuals  had  docroasos  of  O.IO  and 
0.22  iiF  at  0.2  mj»/nr\  ami  of  0.08  am!  0.2J  nK  at  1 . Sh  nig/ni\  whoreas 
a third  had  incroasos  of  0.0‘)  and  O.lh  nF  at  thoso  two  formaldoliyde 
conoont  rat i ons . 

Fol'dinan  and  Honashovskaya  (7)  found  tiio  olfactiiry  threshold  for 

1 

formaldehyde  in  human  suhjeets  (7  of  111  to  he  0.071  mg/m  . Alt  11 

Individuals  were  able  to  detect  odor  of  the  gas  at  a concentration  of 

1 . 1 
0.00  mg/m  . None  of  the  subjects  wt're  able  to  detect  0.014  mg/m'  of 

formaldehyde  by  odor.  These  results  agree  closely  with  those  obtained  in 

a study  by  Melekhina  (6)  where  the  odor  perception  threshold  for 

formaldehyde  gas  was  found  to  be  0.07  mg/m'  for  all  subjects  tested. 

Statistically  significant  changes  in  cerebral  electrical  activity 

(p  ^ O.OIl  were  detected  by  EKO  determinations  in  five  human  subjects 

3 

exposed  to  formaldehyde  gas  at  a concentration  of  0.011  mg/m'.  'n\e  'no 
effect'  level  was  found  to  be  0.04  mg/m'\  'llu'  individuals  tested  in 
the  study  were  the  five  most  sensitive  subjects  found  in  the  olfactory 
threshold  tests  conducted  by  the  authors  in  the  study  described  above  (71. 

Oleason  et  al.  (8l  stated  that  central  nervous  system  depression  mav 
occur  as  a result  of  exposure  to  formaldeliyde  but  that  the  condition  is 
rare.  The  lngestiv>n  of  formalin,  however,  has  caused  central  nervous 
system  ilamage  as  well  as  circulatory  collapse  ami  kidney  damage.  Tlu' 
mean  lethal  dose  for  adults  has  been  estimated  to  be  about  60  ml  (dl. 

Kulle  and  Cooper  (lOl  studied  the  effects  of  formaldehyde  on  the 
electrical  activity  of  the  nasopalatine  nerve  in  anesthetized  rats. 

Kxposuft'  to  the  gas  at  levels  of  0. 1-2.0  ppm  fiu'  one  hour  caused  a 
decrease  in  the  m'tve  response  to  amyl  alcohol  that  varieil  directly  with 
the  concentration  of  f orma  I dehydi'  iliffused.  A partial  recovery  of  the 
neural  response  to  amyl  alcohol  was  observt'il  when  the  nasal  cavities  were 
perfused  with  air  for  one  hour  following  the  2 ppm,  ime-hour  formaldehyde 
exposure . 
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vanniwiKi 
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Effects  of  formaldehyde  on  various  parts  of  the  cerebral  cortex  of 

rabbits  were  determined  by  Bokina  et  al.  (11)  by  means  of  functional 

electroencephalography  (analysis  of  the  readjustment  reaction  to  a 

rhythmic  light  stimulus,  evoked  potentials  of  the  cerebral  cortex,  and 

determination  of  the  photometrazol  thresholds).  Exposure  to  formaldehyde 

for  10  seconds  produced  a nonspecific  reaction  of  orientation  and 

3 

exploration  at  3.7  mg/m  consisting  of  individual  flashes  of  activity 
in  the  neocortex  and  quickened  respiration  without  any  change  in  the 
olfactory  analyzer  structures.  Exposure  to  a concentration  of  12.6 

3 

mg/m  caused  a specific  reaction  represented  by  a depression  of  high 
frequency-induced  activity  in  the  olfactory  structures.  Changes  in  the 
electroencephalograms  (EEC)  after  a 10-sec  exposure  were  short  with  a 
quick  return  to  initial  brain  functional  state  (1).  After  20-minute 
exposures,  there  was  a persistent  stress  rhythm  in  the  cortex  and  limbic 
brain  structures  indicating  a deleterious  effect  of  the  compound  on  the 
CNS.  In  an  earlier  study,  Bokina  and  Eksler  (12)  found  that  formaldehyde 

3 

gas  at  a concentration  of  0.65  mg/m  had  an  adverse  effect  on  the 
cortical  medial  nucleus  in  rabbits  after  exposure  fcr  10-30  minutes. 

Koerker  et  al.  (13)  followed  the  action  of  formaldehyde  on  cell 

growth,  viability,  adherence  to  culture  flask,  and  morphology  of  a clone 

of  mouse  C1300  neuroblastoma  cells  in  vitro.  Molar  concentrations  of  the 

-6  -4 

aldehyde,  ranging  from  8.3  x 10  to  2.2  x 10  acting  over  a period 
of  24  hours,  caused  decreases  in  total  cell  number,  viability  of 
harvested  and  sloughing  cells,  and  percentage  of  cells  having  neutrites. 
Sloughing  of  cells  from  the  flask  surface  into  the  medium  was  increased. 
The  authors  concluded  that  the  neuroblastoma  cell  culture  provides  a 
convenient  ^ vitro  system  for  cytotoxicity  tests  as  well  as  a model  in 
which  mechanisms  of  neurotoxicity  can  be  studied,  since  the  cell  type  is 
derived  from  nerve  tissue. 

5.  Behavioral  Effects 


No  data  reported  in  literature  surveyed  to  date. 
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6.  Cardiovascular  Effects 


Gleason  et  al.  (8)  stated  that  circulatory  collapse  may  occur  on 
exposure  to  formaldehyde  and  may  contribute  to  the  rare  instances  of 
central  nervous  system  depression  reported.  Akabane  (14),  in  a review 
article  on  aldehydes  and  related  compounds,  also  pointed  out  that 
formaldehyde  causes  a decrease  in  blood  pressure  as  well  as  an 
irregularity  in  respiration  at  sufficent  dosages.  Depressor  responses 
were  induced  in  ch lora lose-anesthet ized  cats  and  dogs  by  iv  injection  of 
2.5  to  5 mg/kg.  Respiration  changes  were  not  observed  at  these  dosages. 
With  10  mg/kg  of  formaldehyde,  however,  an  initial  drop  in  blood 
pressure,  followed  by  a pressor  response  as  well  as  marked  inhibition  of 
respiration,  were  observed.  Blood  pressure  and  respiratory  responses  of 
the  same  nature  were  observed  in  pentobarbital-anesthetized  dogs.  The 
action  of  formaldehyde  on  peripheral  blood  vessels,  however,  was  found  to 
be  very  weak  as  determined  by  perfusion  experiments  with  the  isolated 
rabbit  ear. 

Skog  (15)  detected  slight  hyperemia  with  small  hemorrhages  and  edema 
around  some  vessels  in  the  lungs  in  rats  and  mice  that  succumbed  to  sc 
injections  of  formaldehyde  solution  at  levels  of  300-640  mg/kg  and 
150-460  mg/kg,  respectively. 

7 . Biochemical  and  Histochemical  Changes 


Alkaline  Phosphatase 

Liver  alkaline  phosphatase  activity  was  found  to  be  significantly 
higher  in  rats  exposed  to  35  ppm  formaldehyde  via  the  respiratory  tract 
than  in  unexposed  animals  (16).  The  authors  indicated  that  the  increase 
may  have  been  a non-specific  effect,  since  several  dissimilar  chemicals 
induced  the  same  response.  An  increase  in  activity  of  the  enzyme  was 
also  observed  in  the  testes  of  goats  following  a single  intratest icular 
injection  of  formaldehyde  (10  ml  of  a 4%  soln.).  The  effect  was 
particularly  prominent  in  calcified  areas  of  the  tubules  and  interstitiura 
(17). 
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Dehydrogenases 

Estes  and  Pan  (18)  found  formaldehyde  to  be  a potent  inhibitor  of 
beef  liver  glutamic  dehydrogenase  in  vitro  at  concentrations  of  5 uM  and 
50  uM  per  milligram  of  enzyme  protein.  Lactic  dehydrogenase  (beef  heart) 
was  also  inhibited  but  to  a lesser  extent. 


Nicotinamide-Adenine  Coenzymes 

Formaldehyde,  at  a final  concentration  of  0.1%,  lowered  the  oxidized 
and  reduced  nicotinamide-adenine  coenzyme  content  (NAD  +NADH)  of  ram 
spermatozoa  i_n  vitro  to  76%  of  untreated  control  values  after  incubation 
for  20  minutes  at  25°  C.  Inhibition  of  spermatozoan  motility  was  also 
noted  (19). 

Reaction  with  Proteins 

Formaldehyde  combines  with  methyl  groups  of  proteins  both  J_n  vivo  and 
in  vitro  to  form  additional  products  (8). 


Reaction  with  Heme 


Akabane  (14)  cited  a report  by  Guthe  (1959)  that  formaldehyde 
establishes  an  irreversible  heme-linked  group  with  hemoglobin. 

Hyperglycemia 

Injection  of  starved  rabbit  with  10  mg/kg  formaldehyde  solution  may 
result  in  hyperglycemia  (14). 

Ac idos is 


Windholz  (2)  stated  that  acidosis  may  result  from  the  ingestion  of 
aqueous  formaldehyde. 
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Eyes 

Formaldehyde  vapors  are  Intensely  irritating  to  the  mucous  membranes 
of  the  eyes.  Rats  exposed  to  concentrations  as  low  as  35  ppm  for  18 
hours  showed  definite  evidence  of  acute  eye  irritation  within  24  hours 
(16). 


Humans  unacclimated  to  formaldehyde  vapors  experience  eye  irritation 
at  concentrations  below  5-6  ppm.  A vapor  concentration  of  10  ppm  causes 
profuse  lachrymation  and  can  be  tolerated  for  only  a few  minutes  even  by 
workers  acclimated  to  lower  levels.  Experimental  30-minute  exposures  of 
human  volunteers  to  13.8  ppm  formaldehyde  caused  considerable  eye 
irritation  although  there  was  a decrease  in  lachrymation  during 
exposure.  Eye  splashes  are  very  serious  and  can  result  in  coagulation  of 
the  corneal  surface  if  prompt  action  is  not  taken  (5,9,20). 

Formaldehyde  levels  which  averaged  0.4  ppm  had  no  acute  effects  on 
workers'  performance  in  tests  of  visual  acuity,  depth  perception, 
peripheral  vision,  accomodation,  fixation,  ami  color  vision  in  a study 
conducted  in  a large  wood  products  plant  (21). 

Formaldehyde  induces  intraocular  hypertension  and  protein  leakage 
across  the  blood-aqueous  barrier  in  the  rabbit  (22). 
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Inhaled  formaldehyde  vapors  are  very  irritating  to  the  nose  as  well 
as  to  the  eyes.  In  the  study  described  above  by  Murphy  et  al.  (16), 
irritation  of  the  nasal  mucosa  was  observed  in  rats  exposed  to  35  ppm  for 
18  hours. 


Human  beings  exposed  to  formaldehyde  vapors  usually  experience  a mild 
tingling  sensation  in  the  nose  when  the  concentration  reaches  2-3  ppm. 
Concentrations  of  4-5  ppm  can  be  tolerated  fairly  well  for  periods  of 
10-30  minutes  by  some  people;  longer  exposures  cause  considerable 
discomfort.  Concentrations  of  10  ppm  can  be  borne  for  only  a few 
minutes.  At  levels  of  10-20  ppm,  formaldehyde  causes  severe  burning  of 
the  nose  and  it  becomes  difficult  to  take  a normal  breath  voluntarily. 

It  is  estimated  that  exposure  for  5 to  10  minutes  to  concentrations  of 
50-100  ppm  would  probably  lead  to  very  serious  injury  (5). 


Larynx 


Mild  throat  irritation  is  experienced  by  most  persons  at  formaldehyde 
vapor  levels  as  low  as  5 ppm.  At  10-20  ppm,  formaldehyde  causes  severe 
burning  of  the  throat.  High  concentrations  may  produce  edema  or  spasm  of 
the  larynx.  It  has  been  found  that  repeated  exposures  to  formaldehyde 
concentrations  below  10  ppm  can  lead  to  some  degree  of  tolerance  to  the 
vapors  (5,8). 

No  reports  were  found  in  the  literature  surveyed  to  date  on  effects 
of  formaldehyde  on  the  larynx  in  experimental  animals. 

Trachea 

Formaldehyde  concentrations  of  10-20  ppm  cause  severe  burning  of  the 
entire  upper  respiratory  tract  including  the  trachea  (5). 
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Kensler  and  Battista  (23)  found  ciliary  activity  of  rabbit  trachea 
exposed  for  12  seconds  ^ vitro  to  formaldehyde  vapor,  was  inhibited 
almost  100%  as  compared  with  10-15%  inhibition  in  untreated  control 
preparations . 

Bronchi 


Evidence  of  bronchitis  was  observed  at  autopsy  in  both  rats  and  mice 
given  single  sc  injections  of  formaldehyde  solutions  of  300-640  mg/kg  and 
150-460  mg/kg,  respectively,  in  an  acute  toxicity  study  conducted  by  Skog 
(15).  The  LD^q  was  found  to  be  420  mg/kg  in  rats  and  300  mg/kg  in  mice. 


j 


I 


Gleason  et  al.  (8)  stated  that  tracheobronchitis  may  develop  in 
humans  after  inhalation  of  formaldehyde  vapors. 

Lungs 

Slight  pulmonary  hyperemia  with  small  hemorrhages  and  edema  around 
some  of  the  vessels  was  observed  in  rats  and  mice  given  single  sc 
injections  of  formaldehyde  solution  at  levels  of  300-640  mg/kg  for  rats 
and  150-460  mg/kg  for  mice.  Hemorrhages,  as  well  as  intra-alveolar  and 
perivascular  edema,  were  found  in  lungs  of  rats  exposed  to  0.6-1. 7 
mg/liter  formaldehyde  in  air  for  30  minutes  (I‘>).  The  I'C^q  was  found 
to  be  1000  mg/m^  (810  ppm)  (15). 
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In  another  study  involving  rabbits  and  guinea  pigs  as  well  as  mice, 

3 

exposure  to  formaldehyde  (19  mg/m  ) or  to  an  aerosol  of  formalin  (20 

3 

mg/m  ) for  up  to  10  hours  resulted  in  edematous  and  hemorrhagic  lungs 

with  distended  alveoli.  Most  of  the  animals  also  had  ruptured  alveolar 

septa.  Mortality  rates  were:  mice  - 96%  (aerosol)  and  34%  (gas);  guinea 

pigs  - 5%  (aerosol)  and  40%  (gas);  rabbits  - 20%  (aerosol)  and  60%  (gas) 

3 

(24).  Lung  lesions  were  also  found  in  cats  exposed  to  820  mg/m  (664 

ppm)  formaldehyde  for  8-9  hours.  Death  occurred  within  4-6  days 

following  profuse  salivation,  marked  dyspnea,  and  vomiting.  At  autopsy, 

pulmonary  edema,  hyperemia,  and  hemorrhages  of  the  lungs  with  pus  in  the 

3 

trachea  and  bronchi  were  found.  Concentrations  of  up  to  820  mg/m  for 
3.5  hours  caused  only  temporary  irritation  of  the  mucous  membranes  (25). 
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Murphy  and  Ulrich  (26)  found  a dose-related  effect  of  formaldehyde  on 
the  respiratory  rate,  tidal  volume,  and  resistance  to  airflow  in  guinea 
pigs  exposed  individually  to  the  gas  for  a period  of  one  hour, 
Concentations  of  3.9  and  12.5  ppm  increased  resistance  to  airflow  by  69% 
and  81%,  increased  tidal  volume  by  29%  and  36%,  and  decreased  the 
respiratory  rate  by  27%  and  37%,  respectively. 

In  another  study  by  Davis  et  al.  (27),  guinea  pigs  exposed  to 
formaldehyde  in  air  at  levels  of  50,  1000,  and  6000  ppm  showed  increases 
in  resistance,  increases  in  tidal  volume,  and  decreases  in  the 
respiration  rate  as  well  as  a decrease  in  minute  volume,  and  no  change  in 
compliance  in  intact  animals.  In  tracheotomized  animals,  however,  there 
were  no  changes  in  any  of  these  areas  due  to  formaldehyde  exposure.  The 
authors  concluded,  therefore,  that  the  responses  observed  were 
nonspecific  and  due  to  receptors  in  the  nasopharynx  and  larynx  of  the 
guinea  pig  which  are  stimulated  by  irritant  and  chemically  inert 
substances  in  general. 

Otte  and  Kropelin  (28)  detected  peribronchial  cell  infiltration  and 
interstitial  edema  in  the  bronchopulmonary  system  of  guinea  pigs 
following  inhalation  of  formaldehyde. 

Stomach 


Ingestion  of  formalin  or  other  solutions  of  formaldehyde  may  cause 
inflammation  and  ulceration  of  the  gastrointestinal  mucosa,  severe 
abdominal  pain,  violent  vomiting,  hematemesis,  and  diarrhea.  Corrosive 
damage  and  strictures  commonly  occur  in  the  stomach.  Hematuria, 
proteinuria,  anuria,  acidosis,  vertigo,  coma,  and  death  may  follow 
(2,8,29). 
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Intestines 


Formaldehyde  (5  to  10  mg/kg  iv)  caused  an  initial  inhibition  of 
intestinal  movement  in  experimental  animals,  which  was  followed  by  an 
increase  in  tone  and  amplitude  of  contraction,  according  to  a report  by 
Akabane  (14). 

Liver 


Exposure  of  rats  to  0.6-1. 7 mg/liter  formaldehyde  in  air  for  30 
minutes  caused  hyperemia,  perivascular  edema,  and  necrosis  in  the  liver. 
Hyperemia  was  also  found  in  both  rats  and  mice  following  single  sc 
injections  of  formaldehyde  solution  at  dosages  of  300-640  mg/kg  and 
150-460  mg/kg,  respectively  (15). 

Kidneys 

In  the  study  by  Skog  (15)  described  above,  perivascular  edema  was 
found  in  the  kidneys  of  rats  exposed  for  30  minutes  to  formaldehyde  in 
air  over  a range  of  0.6-1. 7 mg/liter.  Hyperemia  was  observed  in  the 
kidneys  of  both  rats  and  mice  following  single  sc  injections  of 
formaldehyde  solution.  The  dosage  for  rats  was  300-640  mg/kg  and  150-460 
mg/kg  for  mice.  Iwanoff  (25)  observed  hyperemia  in  the  kidneys,  as  well 

3 

as  pulmonary  changes  in  cats  exposed  to  820  mg/m  (664  ppm) 
formaldehyde  in  air  for  8-9  hours.  Gleason  (8)  reported  that  ingestion 
of  formalin  leads  to  kidney  damage  in  humans  also. 

Uterus 


Hemorrhage,  edema,  necrosis  of  endometrium,  injury  to  myometrium, 
polynuclear  infiltration,  and  finally,  after  30  days,  complete 
obliteration  of  the  uterine  cavity  by  connective  tissue  were  found  in 
mature  virgin  rabbits  given  a single  intrauterine  injection  of  2 ml  of 
10%  formaldehyde  in  saline  (30). 
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Bladder 


Formaldehyde  causes  severe  adverse  effects  when  injected  into  the 
bladder  of  experimental  animals.  In  one  study  with  rats,  formalin 
concentat ions  of  1,  5,  or  10%  in  amounts  sufficient  to  fill  the  bladder 
(1-2  ml)  caused  edema,  necrosis,  and  inflammation  throughout  all  layers 
of  the  organ  within  7 days.  Macroscopic  examination  at  autopsy  revealed 
thickened  walls  and  adhesions  to  other  visceral  structures. 
Microscopically,  transmural  inflammation,  mucosal  ulceration,  and  intense 
submucosal  thickening  and  hemorrhage  were  observed  in  the  5%  group.  The 
authors  stated  that  it  was  difficult  to  find  an  intact  piece  of  bladder 
wall  for  sectioning  in  the  animals  given  10%  formalin  intravesically . 
Fifty  percent  of  the  animals  in  the  5%  group  died  during  the  experiment 
(31). 

Pust  et  al.  (32)  studied  chemical  stripping  of  the  urinary  bladder 
mucosa  in  cats  with  5 to  25%  formaldehyde  solutions.  The  study  was 
prompted  by  the  possible  value  of  a procedure  that  completely  destroys 
the  affected  bladder  mucosa  in  the  management  of  low  grade  bladder 
tumors.  Superficial  coagulation  necrosis  with  formaldehyde  has  already 
been  used  successfully  to  stop  bleeding  from  inoperable  cancer  of  the 
bladder  and  after  radiation  or  chemotherapy.  Clinical  signs  of  systemic 
formaldehyde  intoxication  have  not  been  seen  in  these  emergency 
treatments  (33). 

In  this  study  (32),  complete  stripping  of  the  urinary  bladder  mucosa 
in  the  cat  was  achieved  with  a 20%  solution  of  commercial  aqueous 
formaldehyde  (38%  HCHO)  and  a contact  time  of  one  minute.  Necrosis  of 
the  subepithelial  layer  did  not  occur  and  complete  "reepithelial isation" 
and  normal  bladder  function  were  seen  3-4  weeks  after  formaldehyde 
treatment.  Clinical  signs  of  systemic  formaldehyde  intoxication  were  not 
observed.  Histopathologic  effects  detected  7 and  14  days  after  treatment 
included  the  following:  5%  solution  (5  min  contact  time),  leucocytic 
infiltration  and  slight  subepithelial  edema;  after  20  min. 
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complete  necrosis  of  the  epithelium;  7.5%  solution  (5  min),  edema  of  the 
submucosa  and  loosening  of  connective  tissue  in  the  deeper  muscular 
layers;  20%  solution  (1  min)  complete  destruction  of  the  transitional 
epithelium  with  replacement  by  a thin  layer  of  coagulated  cellular 
proteins.  The  mucosal  parts  of  the  trigone  and  urethra  were  not 
affected.  The  authors  attributed  this  to  reflex  contraction  of  the 
trigone  when  exposed  to  the  compound.  Cats  were  used  in  the  study 
because  the  transepithelial  structure  of  the  bladder  is  similar  to  that 
of  the  human  urinary  bladder  (32). 

Gonads 


See  Reproductive  and  Teratogenic  Effects. 

9 . Cytologic  and  Cytogenetic  Effects 

Formaldehyde  is  a hardening  agent.  Strong  solutions  bring  about 
coagulation  of  cellular  proteins.  The  effect  on  the  skin  of  individuals 
exposed  to  formaldehyde  is  attributed  to  this  mechanism  (8,32). 

Caryorhexis  or  pyknotic  nuclei  have  been  observed  in  epithelial  cells 
of  the  bladders  of  cats  instilled  with  a 7.5%  solution  of  commercial 
aqueous  formaldehyde  (38%  HCHO),  after  a contact  time  of  5 minutes  (32). 
Schenker  and  Polishuk  (30)  also  observed  these  same  changes  in  uterine 
sections  from  rabbits  12-24  hours  after  intrauterine  injection  of  2 ml  of 
a 10%  solution  of  formaldehyde  in  saline. 

Formaldehyde  was  found  to  be  quite  toxic  to  Ehrlich-Landschutz  (ELD) 
diploid  ascites  tumor  cells  in  vitro  at  concentrations  as  low  as  50  ppm. 
The  percentage  of  dead  cells  after  1,  2.5,  and  5 hours  was  8.5,  23,  and 
23%,  respectively.  Corresponding  untreated  control  values  were  2.6,  3.5, 
and  4.2%  (34). 
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K>n  m.i  Kiohy  lU'  imliu’t'il  but  li  SM*  .ik-'  Tip  mill  at  i oils  in  KscIum"  i I’ti  i a 
col  i Her  colls  at  levels  as  low  as  O.lV*  M.  Witli  t lie  Her  strain, 
however,  no  signiticant  increase  in  the  nnmher  ot  mutations  occnrreil  at 
t orma  Klehvile  concentrations  as  h i ^h  as  t).()'»  N.  The  Her  cells  were 
also  i nac  r i va  t t‘*l  much  more  easily  than  Hci'  cells  (Ih). 

Forma  Klehvile  is  a strong  imitay’tn  tot  male  Drosoph  i I a me  I anogast  er 
larvae,  accoriliny;  to  Mahaiani  ( Ih  ' . Hie  componiul  is  capahle  ot 
penetrating  all  germ  cell  stages  ot  larvae  anil  aihilts  ot  both  sexes  hnt 
imlnces  mutagenic  changes  only  in  the  early  spermatocytes  ol  male 
larvae.  tierm  cells  ot  temale  larvae  are  not  inllnenceil  hy  the  alilehvile. 

In  another  stnilv,  St  nmm-'l'eget  ho  f 1 (17)  t omul  that  non  t ra  1 i zeil 

commercial  forma  1 ilehvile  (pH  7.0)  at  a level  of  IX  in  air  or  at  a 
concent  rat  i on  of  |l . 02  S-O . OSt  in  the  larval  meilium,  caused  no  significant 
increase  in  the  imitation  rate  of  Orosphila  me  1 anoj^as t er . A signiticani 
increase  was  observed,  however,  when  maK*s  or  larvae  were  ex|>oseil  to 
nnnen t r a I i zed  formaldehyde  (which  contains  formic  acid)  or  to  a 
combination  of  neutralized  formaldehyde  and  formic  acid,  acetic  acid,  or 
hydrochloric  acid.  Mutagenic  effects  were  also  found,  however,  in  the 
larval  feeding  experiment  when  the  acids  alone  were  added  to  the  medium. 

10.  Molecular  Kffects 

Wilkins  and  Macl.eod  (18)  found  that  low  doses  of  formaldehyde  induced 
interstraiiil  cross-links  in  ONA  ot  KsiOierichia  col  i in  vitro.  I’rotein 
bridgt's  between  the  ONA  strands  were  involviul  in  at  least  10%  ol  I he 
cross-links.  The  authors  called  attention  to  the  biological  imi'ortance 
of  till'  cross-links,  since  seme  re  pa  i r-de  1 i c i ent  mutants  are  unable  to 
completely  remove  these  abnormal  structures. 


lb 


1 1 . Ropro<ltict  iv<>  and  Teratogenic Kf 


A siuglo  i lit  Til  tost  i cii  1 .ir  injoction  of  fonnalciohydo  (10  ml  of  ;i  4t 
solii.)  o.'Uisod  onl  JirRomont  iiiiii  gonora  I i zod  atrophy  of  tlio  organ  within  20 
days.  Spormatogonos i s was  stopped  at  the  spormatogon i al  stage  at  10  davs 
with  ilegenerat  i on  of  the  tnhnles.  Approximately  20-3‘iX  of  the  tubules 
wi're  also  calcified  and  at  many  places  the  spermatozoa  were  calcified  in 
situ.  The  tunica  albuginea  was  thickened  and  the  l.eydig  colls  showed 
mild  degeneration.  Blood  vessels  and  capillaries  in  the  interstitium 
were  damaged.  At  20  davs,  most  of  the  tnhnles  were  atrophied  and  20-80% 
showed  ca 1 c i f i cat i on . Tn  some  of  the  tnhnles,  however,  repopnlation  of 
the  seminiferous  epithelinm  was  noticeabU*  with  partial  resumption  of 
spermatogenesi s . Mild  to  severe  degenerative  changes  were  also  observed 
in  the  epididymis  with  mononnelear  infiltration  (17). 

I’ara  formal  dehyde  , which  dissolves  with  the  evolution  of  forma  1 dehvdi* , 
is  an  active  ingredient  in  certain  contraceptive  creams  (2). 

Teratogenic  effects  wi're  absent  in  Beagle  dogs  given  commercial 
formaldehyde  solution  in  the  diet  at  levels  of  12')  ppm  (equivalent  to  3.1 
mg/kg  BW/day)  or  375  ppm  (equivalent  to  4. A mg/kg  BW/day).  Treatment  was 
started  4 days  after  mating  and  continued  until  day  56.  Pnration  of 
gestation  and  fecundity  were  not  affected  by  the  treatment.  All  animals 
were  normal  in  behavior,  appearance,  motility,  and  muscular 
coordination.  No  malformations  wt're  found  in  anv  of  the  litti'rs. 

Animals  transferred  to  the  breeding  colony  were  obsiTViul  <)v<*r  a period  of 
nearly  2 years.  None  of  those  adults  or  their  litters  slu>wed  anv 
physiological  or  skeletal  abnormalities  v'r  reproductive  disorders  (B'l). 
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12.  Metabolism 


Absorpt ion 

Forma  Ulebyile , by  virtue  of  its  high  water  solubility,  appears  to 
react  quickly  with  tbe  mucosa  of  the  alimentary  and  respiratory  tracts. 

In  a study  with  mongrel  dogs,  Egle  (40)  found  that  both  upper  and  lower 
parts  of  the  respiratory  tract  were  effective  absorbers  of  the  alilehyde. 
Upper  tract  absorption  was  05-100%,  and  that  of  the  lower  tract  exceeded 
95%.  The  total-tract  retention  was  nearly  100%,  regardless  of  the 
ventilatory  rate,  forma  1 dehyd<'  concentration,  or  tidal  volumi's  measured. 

Biotrans format  ion 

Formaldehyde  is  oxidized  to  formic  aciil  in  various  tissues  of  the 
body,  especially  in  the  liver.  Som«'  of  the  resultant  formic  acid  may  he 
found  in  the  urine,  but  much  of  it  is  mi'tabolized  to  00.,  or  to  labile 
methyl  groups.  Part  of  the  absorbed  forma  1 dehydi'  may  also  undergo 
metabolic  reduction  to  methyl  alcohol  (8).  As  early  as  1893,  Pohl  (41) 
reporte.l  an  apparent  minor  oxidation  of  formaldehyde  to  formic  acid  in 
the  dog.  Verification  of  this  finding  was  published  by  Malornv  et  al. 
(42)  who  also  found  evidence  of  the  possible  involvement  of  liver 
aldehyde  dehydrogenase  and  nicotinamide  adenine  dinucleotide  (NAP)  in  the 
formic  acid  oxidation  and  further  esterification  to  methyl  formate. 
Oxidation  to  formic  acid,  according  to  Williams  (4.3)  is  the  major  route 
of  formaldehyde  hi otransformat i on  in  the  animal  body  (Figure  1). 

Formaldehyde  also  undergoes  oxidation  in  vitro  when  incubated  with 
various  tissue  preparations.  Pohl  (41)  found  that  formaldehyde  could  be 
oxidized  slightly  ^n  vitro  by  liver  preparations  (horse  an<l  pig)  but  not 
by  skeletal  muscle  (dog).  hutwak-Mann  (44)  and  Kendal  and  Ramanathan 
(45)  discovered  that  liver  preparations  can  also  bring  about  dismutation 
of  formaldehyde  to  form  formic  acid  and  methanol  J_n  vj_t_r£>  (43). 
Formaldehyde  wa t oxidized  quickly  to  formic  acid  after  absorption  by 
human  erythrocytes  ^ ^^2). 
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Kij'.uri'  1 

Proposed  Mt'tal'olie  Kate  ol  Korma  1 ilehydi'  t'tt) 


Kxi- j r-t  ii'n 


t'at.-i  i'n  o Xv.' te  t i i'll  nt  t orma  Kl<‘t>Vilt‘  bv  c-xjut  imont  a 1 animals  ai'i'ati’nt  Iv 
is  unitt*  limiti'vt.  I’ob  1 ( 1 ^ tniinvl  tliat  c*xi-c‘ss  ti>fmat«‘  «>iiii  i va  1 fut  t n 
app  I'ox  imat  t‘ I V '.’.•♦1  I't  tl>o  t nrma  Klnlwiln  iU'sn  as  U'lmatf  was  nxi- ic' t bv  a 
singlo  iK'n  injnv'tnil  with  tninia  1 J<‘hvilt'  s iibt'n  t aiii’inis  1 v . As  i tul  i I'at  nil 
abovt',  snmi'  ol  t hn  tnimio  ai'iii  r<‘snltii\p.  t iv'm  t b<‘  I'xiilatii'n  nt 
1 Urma  I >lt'h  Vvlt*  in  animals  is  t'Xi' if  t t'll  in  I ho  nrino,  altlunikth  most  ot  t hr- 
oompi'inni  is  mot  abi' 1 i /.oil  tnrthor  i,Sl. 

I 1.  I'aro  inononos  i s 


No  ilata  roportoil  in  litoiatnio  snrvovoil  to  ilat<’. 


Sl'Hl'UKON  I r t'OXU'irY  C Shot"  t - 1 <■  cm  tfMts,  It-s;:  llwiii  'H)  il.ivs' 


1.  Mfiiiat  o loj;  i i'  K t t tu' t s 

No  vl.it.i  t o por  t I'll  ill  t ho  1 i t otat  iiit*  suivovtvl  to  il.iti'. 

. Homo  Marrow  I'haii^os 

No  il.ita  roportovl  in  t lu*  1 i t ora  t nro  siit  v<'v<‘*l  t •'  ilati'. 

Immnnolo^io  Kosj^onso 

Ki’poati'il  oxposuro  ti'  t \>rina  1 Job  vilo  may  oaiiao  ai'iis  i t I / at  i on  losultinv, 
in  allorp.io  itormat  i t i >< . In^liviilnal  Jitloronv'os  in  r.ns  oo  p t i h i 1 i t v ov-oni  , 

howovi'r  , anil  somo  i nil  i v i ilua  1 a hooomo  ahaptoil  to  t orma  1 ilohvito  with 
oxpoHiiro,  whilo  ot  hors  hooomo  i no  roa  s i no.  1 v moro  sonsitivo  iM.  Allt'ip.io 
ilormatitis  has  boon  ohsoi  voJ  lollowini;  iliroot  skin  oontaot  with 
t orma  1 ilohvilo  solutions  (tnl,  t ho  liaiiilling  ot  t orma  i ilohviio-oont  a i n i no, 
toxtilos  ('*71,  skin  oontaot  with  t orma  1 ilohy  ilo -oont  a i n i n,o,  rosins  ttSl.  u; 
wo  1 1 as  with  oxposuro  to  t orma  1 ilohvilo  in  t ho  va\'or  stato.  At  tor  skin 
sons  i t i oat  I on  has  ooouiroil,  oxposuro  to  vapor  lovols  as  low  as  10.''  ppm 

havo  rosultoil  in  a ilo  t I n i 1 1'  allor,i;io  skin  roaotion.  Allor,i;io  ii'aitions 

to  solutions  havo  ooourroil  in  sonsiti/oil  i ml  i v i Ona  1 s whon  t tio  tinpors 
woro  inwiorsovl  1 1'r  ntl  minutos  in  a t orma  I ilohvilo  solution  ot  1 : k , Ol'O , OlH' 
(•'*‘>1.  A ilolinito  s vst  omi  0- i mluooil  skin  roaotion  to  t orma  1 ilohvilo  ooourroil 
in  A ot  II  hum.m  voluntoors  who  part  i o i pa t oO  in  a satotv  tost  on  its  nso 
as  a prosorvativo  in  milk  ( “>0 1 . 

A.  Ooiitral  Norvons  Svstom  (t'NSl  K (loots 

nio  o f I oo  t ot  t orma  1 ilohvilo  on  t ho  I'N.k  ot  rabbits  oxposoil  to  (>.  ! 

niyt  m lU'lHl  in  air  tor  1 1/7  months  was  ilotorminoil  bv  t uno  t i ona  I 

o 1 oo  t roonoi' pha  1 oy;  raptiv  in  a st  mlv  oomlnotoil  bv  bok  i na  ot  al.  till. 
t’hany;os  in  parami'tors  ot  prim.irv  ami  soooUilarv  rosi'onsos  ot  ovokoil 
potontial  ot  t ho  optio  oortox  woro  tonml.  A ilrop  in  t ho  ;imp  1 i t mlo  ot  t ho 
primary  n'sponso,  a slow  noj;alivo  w.avo,  plus  a ilolavoil  rosponso  as  wo  I 1 as 
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a vU'v'ioaso  in  1 s Inw  nojiat  i vo  wavi'  lu-ai  1 1\<'  I’nit  I'l  i-sposni  t' , 
ohsiMVi'ii.  A tall  III  ovfiall  KK.i;  ampHtiitlo  nt  alt  iMaui  stiiu'tvui'S 
atiulii'vl  was  alsi'  t omul . nu'so  otiaiijjos,  aovoi.luii;  to  t ho  anttu'is, 
iiulioato  a ilot  oi  i oi  at  i on  v't  t ho  oi'itioal  inhihitoiv  pi  vu-ossi-s  . 


In  an  oaili«'i  stiulv,  Kv'kina  aiul  Kkstoi  t 1 ' I I'liiul  Kual  op  i 1 opt  Oijon  i 

I »'o  i in  t ho  o 1 1 av' t oi  analv/or,  as  wo  I I as  paiosvsiiiat  rosponsos  in  t ho 

\ 

oltaoti'iv  hnlhs  in  lahhits  ospv'soJ  to  O.o''  mj;  lu  t -m  ma  Klohv>h'  t>>!lowinp. 

a provioiis  oxposim'  i'--*  wooks'  to  ’-P.''  m,i;  m ot  t ho  >;as.  In 

anothoi  oxpor  imont  with  lahhits  snhiootiul  to  .'s-hoiii  oxpv'siiios  to  l' . 1 
Htj;  III  t <'i  ma  1 Johvilo  tor  1 I months,  statist  ioallv  s i >;n  i t i ,•  ant  ohan^<‘s 
wort'  ohsorvt'tl  in  amp  I i t luh'  atui  t inu'  t-iii  vt's  .m  in  t ht'  oharaoli'i  ,'t  t lu' 
primarv  aiul  st'Oi'iiJ.ii  v rt'spt'iist's  t’t  iiuhiot'tl  pt'ti'iit  lals  in  tlu*  vtsna! 
ot'iiti'r  t't  t ho  hrain. 


k . Uohaviv'tal  Kt  toots 


N't'  tiata  it'pt'rCt'tl  in  t ht’  !itoratm<'  siiri’oit'tl  t tlaft 


p.  I'ai'tl  lovasoii  lar  Svstt'm 


Nt'  tiata  ropt'itotl  in  t ho  litoratuit"  snrvt'votl  1 1'  tlati 


7.  It  i oohoiiii  oa  I aiul  H i s t t'oht'iu  i o a 1 I'haiiOt's 


Nt'  tiata  ropt'rtotl  in  t lit'  1 i t t'l  at  iirt'  snrvt'vt'tl  to  tl.iti 


8.  Kt  toots  on  rissiii's  aiul  Organs 


Kahh  i t s aiul  j;iiino.i  pijts  siih  it'o  t Otl  to  -lO-.’O  ppm  aiiht'iiit'  t t'l  ma  1 th’hvth' 
tor  10  ilavs  th'Vi' 1 opt’tl  1 aotir  viiiat  i t'li  aiitl  a sliitht  tlisohai>to  1 1 oiii  t lu'  t'vos, 
hilt  showotl  no  ovitloiioo  ot  oornoal  ininrv 


Kit  tv  wi'i  Ki".  1 ill  .1  1 .11  iti‘  wi'i'.l  pivuliu't  I' 1. lilt  wtu'  wiM«*  I’.vi'ii.-ii-il  1 1> 
t >Mui,i  t ilolivvl.-  .It  .111  avi'i.iiti'  li-vi-1  v't  t'.i  I'l'iii  ill  t lu'  w.MkiOi'iii  .ill  tor  Jt' 
woikiiiw;  vl.ivs  (I  wook.s',  sliowi'.l  ii.'  I’vo  il  i .-ii'i  ,lo  1 s or  tv'xiv  s viiii't  I'liis  on  t hi- 
I'. ISIS  ol  tosts  t v'l  visn.il  .louitv,  .loptli  porooi't  i on , pi-r  i phot  .t  1 vision, 
.uooiiio.l.it  ion,  tis.it  ion,  .lint  ootoi  v i s i v'li  t,  J 1 ' . 

. I'vti'K'g^io  ;iiut  I'v  t 0^0110 1 i o Kttorts 

No  h.ita  lopoitoJ  in  t lio  ! i t or.i  t iiro  siii  vovo.l  to  il.ito. 

1 1' . Molooiil.ii  Kt  tints 

No  il.it.i  ropoitoil  in  t tio  litoraturo  snrvovinl  to  vt.ito. 

11.  Ko^'t  oiliu' t i VO  ;iiul^  I'oi  .It  oi;on  U'  Kttoots 


no  t mok 1 o! 

1 M ' 

s t nil  i Ol 

1 tho  ottool 

t ot  t orma  1 ilohvilo 

\ air  k'u  \'ri*v’,naav' V 

A\yA 

oiiihi  V on  i 0 

ilovot 

opmoiit 

ill  tom.ilo  1 

t .it  s I'oiit  i inii'iis  1 V 

t'Xj'i'st'i!  f i' 

.'.'ll,  out  i .It  ions  ot  1 111}',  ill  vO.S  ppm'  or  0.01.'  mv,  iii  i.O.l'1  ppm'  t .'i 
It'  1 ■’  .l.ivs  hi’toii'  m.itiiii;  .inO  pii'p.n.ino  v . I'otli  tro.itmont  p,roiips  showint 
.ulvoiso  o t t or  t s i'll  omh  rv  on  i Jovo  lopiiioiit  iiivolvinp,  _i;ost.it  ion  t iiiio.  oiiit'ivo 
,'i  p,.in  woip.hts,  .iiivl  1 i t t or  si/.o.  Mo. in  ilur.it  ion  ot  pro poiiiiu' v in  hot  li 
p.rotips  w.is  iniro.isoil  hv  l-i-l''*  ovor  that  ot  t ho  oontrol  itroup.  Vot.il 
hoilv  woip.hts  .Hill  wo  i i;h  t s ot  .iilron.il  jtl.inils  ot  proitonv  t rom  both  i;ioiips 
woro  itro.itoi  th.in  thoso  ot  t lio  oontrols.  Kiilnov  .iiul  thvmns  woiv.hts  ot 
ottsprinv  t roiii  tom.ilos  I'xposoil  to  1.0  mj’,  hii  woro  .ilso  j'.ro.itoi  th.in 
thoso  ot  ottsprinv.  ot  oontrol  ilaiiis . In  oontr.ist  , 1 iniv,  .iiiil  1 i voi  woip.hts 
ot  t ho  proitonv  ot  hoth  tro.itmont  itroiips  woro  loss  than  thoso  ot  ottsprin^ 
ot  t ho  oontrol  ftroiip. 


1*.  Motaholism 


No  il.it  a roportoil  in  t ho  litor.itnro  sntvovoil  to  il.ito. 


I ' . I'arc  i i s 


Karlv  stfiK'tural  ohaiik*i's  wt’i'**  t ht‘  t t*sp  i rat  v'v  v tra^'t  • but 

no  tumors  wt*r«‘  founil  iu  0 Ul  intro  i'X|u>so.l  .1  total  ot  ll  t iinos  to  0.^ 
mjt'litor  (.lb2  ppml  t orma  KlohviK'  \u  air  ov»“r  a -*-wiu'k  poi  i>'il.  K'ui 
animals  stu'w.-J  basal-coil  bvpor  plas  i a ; snuamons-c.' 1 1 motaplasia  was  not  o^l 
in  lb  mico;  b sbowo^l  atvpical  motaplasia;  aiul  st  rat  \ t i cat  1 on  was  notoil  in 
8 mico.  Sovi'ii  mic«'  .1  i 08  iluriii);  t ho  oxporimont  O.’l. 


CHRONIC  TOXICITY  (Long-term  tests,  up  to  2 years  or  lifetime) 


1 . Hematologic  Effects 

Hematologic  values  were  normal  in  rats,  guinea  pigs,  rabbits,  dogs, 
and  monkeys  exposed  to  formaldehyde  in  air  at  a concentration  of  4.6 

3 

mg/m  over  a period  of  90  days  (53). 

2 . Bone  Marrow  Changes 

No  data  reported  in  literature  surveyed  to  date. 

3 . Immunologic  Response 

Allergic  dermatitis  affecting  the  face,  neck,  arms,  and  hands 
occurred  in  6 of  13  nurses  in  a hemodialysis  unit,  who  were  exposed  to 
formaldehyde  gas  daily  during  sterilization  of  open  tanks  with  a 2% 
formalin  solution.  Tlie  solution  was  allowed  to  stand  in  the  tanks  for 
several  hours  during  which  time  considerable  formaldehyde  gas  was 
released  into  the  room.  The  first  case  occurred  6 months  after  opening 
the  unit.  Sensitivity  tests  with  formalin  were  positive  in  4 of  the 
nurses.  All  skin  lesions  attributable  to  formaldehyde  improved  when 
another  sterilizing  agent  was  substituted  for  formalin.  The  author 
stated  that  exposure  to  gaseous  formaldehyde  was  the  most  likely  cause  of 
sensitization  (54). 

4.  Central  Nervous  System  (CNS)  Effects 

Rats  exposed  continuously  to  formaldehyde  in  air  at  concentrations  of 

3 . . 

0.012-3.0  mg/m  (0.0098-2.45  ppm)  over  a period  of  3 months  exhibited 
local  focal  proliferation  of  the  glial  elements  in  the  parietal  area  of 
the  cerebral  cortex,  together  with  many  satellites  of  oligodendrocytes 

3 

and  astrocytes  at  doses  of  1.0  and  3.0  mg/m  (7). 
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1 

i 


Ccxin  ot  al.  ( S 3 ' t oiinJ  focal  i nf  1 amniatorv  changes  in  the  hearts  of 

1 


rats  anil  guinea  pigs  exposed  to  A . f>  mg 'm  airborne  formaldehyde  over  a 
period  of  ^Hl  davs.  The  authors  were  uncertain,  however,  whether  the 
microscopic  changes  observed  resulted  from  inhalation  of  formaldehyde  or 
from  somi'  other  cause. 


^ • Biochemical  and  H i s t ochemi ca 1 Changes 


Fel'dman  and  Bonashevskava  (7)  detected  a moderate  decrease  in  the 


glvcogen  content  of  liver  cells  in  male  rats  exposed  to  formaldehyde  gas 


in  air  at  levels  of  1 and  3 mg 'm  over  a period  of  3 months. 


8.  Ef fee t s on  Tissues  aiW  Organs 


Sk  in 


Prolonged  industrial  use  of  dilute  (less  tlian  0.5“)  formaldehvde 
solutions  and  pastes  caused  fingernails  of  some  workers  to  become  brown 
and  soft  with  eventual  decav.  In  other  cases,  the  nails  became  scalv  and 
friable:  inflammation  of  the  skin  with  suppuration  also  occurred.  In 
some  cases,  there  was  an  occasional  sensitivitv  accompanied  by  a 
"tightening  pain"  extending  up  the  arm  (O. 


Lungs 


Tliere  have  been  numerous  reports  on  the  varied  adverse  effects  of 
formaldehyde  on  the  lungs  of  experimental  animals  and  man.  Coon  et  al. 
(33)  observed  varying  degrees  of  interstitial  inflammation  in  rats, 
guinea  pigs,  rabbits,  dogs,  and  monkeys  exposed  to  formaldehyde  in  air  at 


2 b 


a level  of  4.6  mg/m  over  a period  of  90  days.  Fel'dman  and 

Bonashevskaya  (7)  detected  proliferation  of  lymphohistiocytic  elements  in 

the  interalveolar  walls  and  in  the  peribronchial  and  perivascular  spaces, 

as  well  as  moderate  hyperemia  in  rats  during  a 3-month  study  in  which  the 

3 

animals  were  exposed  continuously  to  1 or  3 mg/m  formaldehyde. 

Stomach 


Human  beings  as  well  as  animals  can  tolerate  relatively  large  amounts 
of  formaldehyde  by  the  oral  route  (5).  Yonkman  et  al.  (55)  observed  no 
significant  toxic  effects  in  humans  from  ingestion  of  22  to  200  mg  each 
day  over  a period  of  13  weeks.  Mild  pharyngeal  and  gastric  discomfort 
were  experienced  when  the  formaldehyde  reached  a concentration  of  1:2500 
to  1:3500.  These  effects  were  not  experienced,  however,  if  the  dosage 
was  diluted  sufficiently  (approx.  1:7000). 

Liver 


Fel'dman  and  Bonashevskaya  (7)  observed  the  following  changes  in  the 

3 

livers  of  rats  exposed  to  1-3  mg/m  formaldehyde  in  air  over  a period 
of  3 months:  polymorphism  of  nuceli,  a profusion  of  binuclear  cells 
surrounding  the  triads,  and  focal  hyperplasia. 

Kidney 


Focal  chronic  inflammatory  changes  were  observed  in  the  kidneys  of 

3 

guinea  pigs  and  rats  exposed  to  4.6  mg/m  formaldehyde  for  90  days,  but 
the  investigators  were  uncertain  whether  the  effects  were  actually  due  to 
the  formaldehyde  treatment  (53).  In  another  study,  the  kidneys  of  rats 

3 

subjected  to  concentrations  of  1 and  3 mg/m  over  a 3-month  period 
exhibited  dilated  vessels  in  the  juxtamedullary  zone  of  the  cortex. 

Lower  concentrations  of  the  gas  caused  no  adverse  effects  (7). 


27 


Ko t 1 i'll  1 )>!'  1 1 ;i  1 Sy  s I I'm 

Vi' 1 ' ilm.-in  .uii)  'ihrv  sU  .U'.i  vri'>'ili'>l  .in  .i.  t i v,i  ( i .m  o I I'lrmrul'i  I'l 

1 In'  I I'l  I i'll  1 1'l'iiili'I  lir  I 1 .1 1 'iviti'in  111  I 111'  IivriM  .>1  iii.ili'  i .i  I n i' \|>i"ii'il  I.' 

I 

I I'l  m.l  1 .loll  vilr  111  .111  .'ll  li'Vi'l-i  i' I 1 .'Hill  ' iiii'.  ni  ovi-i  .i  ' iii.'iil  li  pi-i  i oil . 

. I'vtolov^ii'  .Hill  I'v  1 oj\i'"'' I ' i'  V.Mi'ils 

No  il.il.i  ii'poili'il  111  till'  I i I I'l  .11  III  o !tiii  vi'vi'il  lo  il.ilo. 

I 0 . Mo  I I'l'ii  1 .11  V I I I'l'  1 » 

Vo  I ' iliii.iii  .'Hill  Uoii.'i  sill' V sU  .iv  .1  ( I ii'l'oili'il  lli.il  livi'i  I o I I •;  i ii  i.it-i 

I'oiil  iiuioiislv  o\|'OMi'il  to  I oi  111.1 1 .loll Vilo  I 1 .Hill  ' ini',  iii  ' 1 oi  ' iiioiit  lis 

o\li  1 1' i I I'll  OH  1 .11  p.oiiioiil  .Hill  1 .no  I .'ll' 1 I OH  ot  l\N.\  p,  i .iiiii  I o-i  , iii  .iilil  i I i on  I.'  I li.' 

ot  lioi  ili.-iiip.i'S  ii'i'oiloil  111  till'  •itiiilv  ilosi'i  il'Oil  .il'ovo  . 

II.  Ko[>i  oiliio  I I VO  .'iiiil  I'oi  .'1 1 oj\oii  1 o VI  loo  Is 

No  il.ll.l  Il'I'OtlOll  111  I 1 1 Ol  .11  111  O 'llll  VOVO.I  lo  ll.'llO. 

I . Mol  .-il'o  1 1 'im 

No  il.ll.l  Il'I'OllOil  111  I 111'  I I I O l .1  I 111  O IllllVOVOil  lo  ll.llO. 

I ' . I'.ll  I 1 IIOJIOIIO  M 1 s 

lloi  I OH  ol  .1  I . 1,''.’^  lOllilllO  I Oil  .1  0.1  1 0 1 llOl'.Oll  1 0 l I V III  llilv  with 

I Ol  111.1  1 ilollVilo  111  l'  'll  IlllOO.  I'llO  plOlip  ol  (•('  .111  i III. I I S W.IM  0\|'0II0.I  to 

I Ol  m.'i  I .lolivilo  111  .-111  .'ll  .1  lovol  ol  I'.’'  ill)',  lili'i  , OHO  lioiii  I'oi  .l.iv  , ' I iiiioi 

I'Ol  wook  , I Ol  I"'  wooli'l.  IVoill  V I tl  I I'O  .1 II  I lll.'l  1 H Wl'lO  I Ill'll  ll.'IOl  ll  Ill'll  I Ol 

llll  o 1 OH  oop  i o oMiiiii  ii.il  I OH  . I'llO  1 oiii.'i  i 11  i 111',  ''  iiiioo  woi  o ox|'ohoi1  lo  I ho  v..ih 

.'ll  .1  OOllOOIll  1 .'It  1 OH  ol  0 . r>  Hip  IllOt,  OHO  hOHl  poi  il.'IV,  ' I lino  H poi  wook 
I Ol  WI'OllH  ;lllil  H.IOl  I I Ill'll  .'lllOl  h'l  WOi'llH.  HOOOHil  pi  ''"P  ol  I'O  IlllOO 

w.'iH  oxpoHOil  1 1'  0.1  nip  liloi  1.^1  ppni^  I oi  ni.'i  I .li'hv  ilo , I hi  il.-iv 


' I i nil's  wool. 


for  15  wooks.  A Rroiip  of  control  animals  was  sacrificed  and  examined 
after  82  weeks.  No  tumors  were  found  in  any  of  the  trear<'<l  mice  or 
controls.  Basal-cell  hyperplasia,  sqnamous-ce 1 1 metaplasia,  and 
stratification  wore  observed  in  45  of  120  animals  exposed  to  formaldehyde. 


In  an  earlier  carcinogenicity  study,  Watanabe  et  al.  (56)  injected 
rats  sc  with  1 ml  of  0.4X  aqueous  formaldehyde  solution  once  each  week 
for  15  months.  Injection-site  sarcomas  were  found  in  four  animals  2-5 
months  after  termination  of  the  injections.  Tliree  rats  had  spindle  cell 
sarcomas;  one  rat  had  a "fibrous"  sarcoma.  One  of  the  spindle  cell 
sarcomas  had  undergone  24  transplants  at  the  time  of  the  authors'  report. 


The  significance  of  increases  in  organ  weights  for  rat  fetuses 
observed  by  Gofmekler  (51)  should  be  studied  further  from  the  standpoint 
of  carcinogenicity  (1). 


IV. 


SUINIKU'ANT  rUYSU'Al.  ANlt  IMIKM U:A1,  I'KOl’KUT I KS 


Kv>im.’i  Kli'livilt'  CIU'1I(>^  is  .'I  I'l' 1 1'l  1 1' ss  >;.'is  at  onliiiaiv  t iMui'iTal  un's  . It 
l\as  a inm^'a'iU  siil  t I'l'at  i nn  oilor . lit  tin'  va\>i'f  I'liasc,  it  fxists  as  a 
HU'iu'mi'f  tKM^  Important  ohomiral  ami  plivsioal  proi'or t i os  aro  p.ivon  in 
Tal)  1 o I.  Till'  pnro,  ili  v v;as  is  stal'lo  ovit  t hi'  t i'mpi'r;it  nro  ranpo  ol 

C.  At  room  t ompora  ( nro  s , howovor,  po  ! vmor  i zat  i on  oooni  s s I iiw  I v 
with  t ho  tormation  ot  \'o  1 vox  vinot  h v t ono  in  t ho  I orm  I'l  a wlu  t o I i Im  on 
walls  ol  rooms  hoinp,  tnmipatoil  or  in  oonlainors.  Stahilitv  ol  I ho 

monomor  is  ilopomlont  on  I rooilom  I rom  oont  ami  nat  i on . Tiaoos  ol  polar 

v'omponnils  Cwator,  aoiils,  or  hasos)  oan  iiuioaso  t ho  ralo  ol 
po  1 vmor  i zat  i on  . Wator  is  I ho  usual  oont  ;tmi  nant  . 

Tho  oliomistrv  ot  I oiiiia  I iloh  vilo  in  aipioons  solutions  is  oomplox  as 
inilioatoil  in  Kipn'o  -’'nil  ilosorihoil  in  Tahlo  . In  troshlv  proparoh 
annoons  solutions,  t oima  1 Aohvilo  oxists  as  a mom'h  vilra  t o lorm,  molhvlono 
glvool  (Mil)  tKij^uro  2).  A sorios  ot  para  I orma  Kloh  vilo  anil 

po  I voxvmot  l\v  1 ono  pjvools  ( I’Kl  ot  low  moloonlai  woij^hf  { ( ll(>(  'xiO  ^ 

mav  ho  1 oimoil  ilo  I'onil  i ng  on  ago  ami  oonoont  rat  i on  ol  tho  solution. 
Motlivlono  glvool  is  tho  pi  inoip.'il  lorm  at  lowor  oonoont  rat  ions  ot 
t orma  1 ilohvilo ; highor  oonoont  rat  i ons  ami  aging  lavor  tho  tormation  ot 
polvmorio  torms  ol  I orm.i  Klohvilo  (l’l>,  I’T,  l’W\  whioh  prooipilato  from 
so  Inti  on . 

Mothanol  is  nsuallv  ailitoil  to  a I i na  I oonoont  ra  t i on  ol  U)-l‘'‘?.  to 
t orma  I i n ( hv  wt  . I orma  1 ilohvito  gas  in  w.'itoi  tho  main  oommoroial 
solution  ol  tho  oomponml , to  (irovont  or  s 1 ovi^  ilown  po  1 vmor  i z;U  i on . Kormio 
ao  i il  is  nsuallv  (irosont  in  oonimoroial  I orma  1 iloh  Vilo  proparations  as  a 
losult  ol  slow  oxiilat  ion  ol  tho  alilohvilo  hv  air. 

Korma  I ilohvilo  is  usoil  as  a tnmigant,  il  i s i n I oo  t ant  , gormioiilo,  anil 
I ling  i 0 i ill' , as  wo  I I as  in  a wiilo  variotv  ol  imiustrial  prooossos.  It  is 
nsoil  in  tho  tanning  aiul  prosorving  ol  hiilos,  moiilanting  ami  wat  orpi  oo  I i ng 
t'ahrii's,  coagulating  rnhhor  latox,  lor  luirilon  i ng  golatin  \ilalos,  oto.  in 
phot  ographv . Korma  I ilohvilo  is  also  nsoil  in  tho  mannt  act  nro  ol  phonolio 
rosins,  nroa- 1 orma  1 ilohvilo  rosins,  polvacolal  rosins,  artilioial  silk,  ami 
a variotv  ol  ol  hor  oomponmls  (T.'il'to  O. 


It) 


l’roperti»'s  and  Cliarac  tiT  i st  ics  of  Torma  I dohydc  (KM)  (I) 


Formula 

Molocular  wtMght 
Physical  state 
Molting  point 
Bo  i 1 i ng  pint 
Spec i fie  grav i ty 
Relative  vapor  density 
So  1 iih  i 1 i t y 

Color 

Odor 

Exp  I os i ve  I im its: 

Oas 

Aqueous  solution 

Flashpoint  (closed  enp) 
o f aqueous  so  I u t i on 

Auto i gn i t i on  temperature 
1 mg/ oil  m = 0.81  ppm  ^ 
1 ppm  = I . 2!l  mg/m 


MCllO 
•«).()  :i 
Cas 
-02  C 
-21  C 
0.81  S 

1.075  (air  = 1 ) 

Soluhle  in  water,  alcohol, 
and  ether 

Col  or  less 

Pungent  and  irritating 

7.0-752.  hy  volume  in  a i r 
Vapor  may  he  flamm.'ihli' 

50  C (122  Fl 

■YM)  C (80h  F) 


H i )',ii  I i'  . 

Ki>i  lu.i  1 Kc.u' ( i *jn»l  i'li'tUu’Is 

Ki>MlM  til'  IiH'lli'Hli*  l HI  III' \ .IIIU' t l»N  li’lli’  t i' M .Mill  Ui' 
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Formaldehyde  Toxicity  - Matrix 


System 


Effect 


Acute  Treatment 
( including  j_n 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment  | 
(Long-term  tests,  up  to j 
2 years  or  lifetime)  ] 


1.  Hematologic 


2.  Bone  Marrow 


3.  Immunologic 
Effect 


Loss  of  oxygen 
combining  power 
(RBC)(4) 

Loss  of  selective 
permeabi lity 
(RBC)(4) 

No  effects 
reported 

None  Reported 


None  Reported 


No  effects  reported 


o Allergenic 

sensitization  and 
dermatitis  (46,49, 
50)  (See  No.  7) 


o No  adverse  effects 
(53) 


No  effects  reported 


o Allergenic 

sensitization  and 
dermatitis  (54) 


Central  Nervous  o 
System  (CNS) 


Optical  chronaxie 
changes  (6) 
Changes  in 
cerebral 
electrical 
activity  (7) 
Central 

nervous  system 
depression  (8) 
Decreased 
nasopalatine 
nerve  response 

(10) 

Depression  of 
high  frequency  - 
induced  activity 
in  olfactory 
structures  (11) 
Persistent 
stress  rhythm  in 
cortex  and  limbic 
brain  structures 

(11) 

Adverse  effect  on 
cortical  medial 
nucleus  (11) 
Inhibition  of 
respiration  (14) 


Changes  in  responses 
of  evoked  potential 
of  optic  cortex  (11). 
Decrease  in  overall 
EEC  of  various  brain 
structures  (11) 
Epileptogenic  foci 
in  olfactory 
analyzer  (12) 
Paroxysmal  responses 
in  olfactory  bulbs 

(12) 

Changes  in  responses 
of  induced 

potentials  in  visual 
center  of  the  brain 
(12) 


Local  focal 
proliferation  of 
glial  elements  in 
parietal  area  of 
cerebral  cortex; 
oligodendrocyte  and 
astrocyte  satellite 
(7) 


Formal  1 di'liycit'  Toxicity  - Matrix 

hronic  Trc.-itm(>nt  Chronic  Trca tmcnt  Predictive  Tests 

irt-term  tt'sts,  (Long-term  tests,  up  to  Kn<ipoints  Recommeiided 

n 90  days)  2 years  or  lifetime) 


lone  Reported  o No  adverse  effects  None  None 

03) 


effects  reported 


Q t ergen i c 
bns i t i zat i on  and 
rmatitis  (■'46, ''*9, 
) (See  No.  7) 


hanges  in  responses 
f evoked  potential 
f opt ic  cortex  (11). 
Bcrease  in  overall 
Be  of  various  brain 
true  tiires  (11) 
pileptogenic  foci 
B olfactory 
Dalyzer  (12) 
iroxysmal  responses 
B olfactory  bulbs 
|2) 

banges  in  responses 
f iniluced 

!tentials  in  visual 
nter  of  the  brain 

2) 


0 No  eff(>cts 

reported 

None 

None 

0 Allergenic 

' 

A 1 1 er gen  i c 

a.  Immunological 

sensitization  and 

set’s  i t i za  t i on 

t est  s 

de  rma  t i t i s 

(S4) 

(corre 1 ates 

b . All ergy  t es t s 

with  citmb  illation 

(patch  tests) 

with  methyl 
groups  in 
proteins  (see 
No . 7 be  1 ow) ) 

o Local  focal  Induced  a.  Induce  poti'ntial 

proliferation  of  potentials  in  test 

glial  elements  in  visual  center  of 

parietal  area  of  brain  - changes 

cerebral  cortex;  (subchronic) 

oligodendrocyte  and 
astrocyte  satellites 
(7) 


Formaldehyde  Toxicity  - Matrix  (Cont.) 


I 


*: 


System 

or 

Effect 


Acute  Treatmen.’: 
( inc  lud  ing  i_n 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


5. 

Behavioral 

Effects 

o 

None  reported 

o None 

reported 

6. 

Cardiovascular 

o 

Hypotension  (14) 

o None 

reported 

Effects 

o 

Circulatory 
collapse  (8) 

7, 

Biochemical 

o 

Increased  liver 

o None 

reported 

and 

alkaline 

Histochemical 

phosphatase 

Ef fee  ts 

activity  (16,17) 

o Decreased 

nicotinamide- 
adenine  coenzyme 
content  of 
spermatozoa 
in  vitro  (19) 
o Inhibition  of 
liver  glutamic 
dehydrogenase 
and  heart  lactic 
dehydrogenase 
in  vitro  (18) 
o Inhibition  of 
spermatozoan 
motility  in 
vitro  (19) 
o Combination  with 
methyl  groups 
in  proteins  (8) 
(See  No.  3) 
o Formation  of 
irreversible 
heme- 1 inked 
group  with 
hemoglobin  (14) 
o Hyperglycemia 
(14) 

o Acidosis  (2) 


Chronic  Treatment 
(Long-term  tests,  up  to 
2 years  or  lifetime) 


o None  reported 


o Focal  inflammatory 
changes  in  heart 
(53) 

o Decreased  liver 
glycogen  (7) 


/ 


Formaldehyde  Toxicity  - Matrix  (Cent.) 


bchronic  Treatment 
^ort-term  tests, 

1 to  90  days) 

Chronic  Treatment 
(Long-term  tests,  up  to 

2 years  or  lifetime) 

Predictive 

Endpoints 

Tests 

Recommended 

None  reported 

o 

None  reported 

None 

None 

None  reported 

o 

Focal  inflammatory 
changes  in  heart 
(53) 

None 

None 

None  reported 

o 

Decreased  liver 
glycogen  (7) 

Combination 
with  methyl 
groups  in 
proteins 

Protein  synthesis 
inhibition 
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Formaldehyde  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


8.  Effect 
Organs 
Tissue 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(Long-term  tests,  up  to 
2 years  or  lifetime) 


on 

and 


o Skin.  Irritation  o 
and  anesthesia 
(8) 

o Eyes . Irritation  o 
and  lachryma- 
tion  (16,20) 
Intraocular  hy- 
pertension and 
protein  leak- 
age across  blood- 
aqueous  barrier 
(22)  Coagulation 
of  corneal  surface 
(5) 

o Nose . Irritation  o 

and  severe 
burning  (5,16) 

o Larynx . o 

Irritation, 
burning,  edema, 
spasm  (8) 

o Trachea.  o 

Irritation  and 
burning  (5) 
Ciliastasis  (23) 

o Bronchi . o 

Bronchitis 
(8,15) 


Skin.  None  reported 


Eyes . Lachrymation 
and  discharge  (9) 


Nose . None  reported 


Larynx.  None 
reported 


Trachea . None 
reported 


Bronchi . None 
reported 


o Skin.  Inflammation; 
suppuration  (1); 
Damage  to 
fingernails  (1) 
o Eyes . None  reported 


o Nose . None  reported 


o Larynx . None 
reported 


o Trachea . None 
reported 


o Bronchi . None 
reported 
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Formaldehyde  Toxicity  - Matrix  (Cont.) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment  Predictive 

(Long-term  tests,  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


0 Skin.  None  reported 

o Skin.  Inflammation; 

a . 

Skin 

a » 

Draize  test 

suppuration  ( 1 ) ; 

irr  itat  i on 

Damage  to 

b. 

Eye 

b. 

Draize  test 

fingernails  (1) 

irritation 

o Eyes.  Lachrymation 

o Eyes.  None  reported 

c . 

Lung 

c • 

Lung  function 

and  discharge  (9) 

changes 

test 

d. 

Ciliary  motion 

test 


face 


Nose . None  reported 


Larynx . None 
reported 


Trachea.  None 
reported 


Bronchi . None 
reported 
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o 


o 


o 


o 


Nose . None  reported 


Larynx . None 
reported 


Trachea.  None 
reported 


Bronchi . None 
reported 


Formaldehyde  Toxicity  - Matrix  (Cont.) 


System 

or 

E f f ec  t 


Acute  Treatment 
( inc  lud  ing  i_n 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(Long-term  tests,  up  to 
2 years  or  lifetime) 


8,  Effect  on 
Organs  and 
Tissues 
( Cont . ) 


o Lung. 

Increased 
resistance  to 
airflow  (26,27) 
Increased  tidal 
volume  (26,27) 
Decreased 
respiratory  rate 
(26,27) 

Decrease  in 
minute  volume 
(27) 

Irritation  (25) 
Hyperemia 

(15.25) 
Hemorrhage 

(15.24.25) 

Edema  (15,24,25) 
Alveolar  damage 

(24) 

Other  lesions 

(25) 

o Stomach. 

Inflammation 
and  ulceration 
(8);  Pain  (2,8). 
Hematemesis 
(2,8);  Corrosive 
damage  and 
strictures  (8) 

o Intestines . 
Initial 
inhibition  of 
movement 
followed  by 
increased  tone 
and  amplitude 
of  contraction 
(14) 


Lung.  None  reported 


o Stomach . None 
reported 


o Intestine . None 
reported 


o Lung . Hyperemia  (7); 
Interstitial 
inflammation  (53) 
Proliferation  of 
lymphoh istiocytic 
elements  in  alveolar 
walls  ( 7 ) 


o Stomach. 
(55) 


Irr itat ion 


o Intestines . None 
reported 
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Formaldehyde  Toxicity  - Matrix  (Cont.) 


chronic  Treatment 
>rt-term  tests, 
to  90  days) 


None  reported 


tomach.  None 
sported 


ptestine.  None 
Sported 


Chronic  Treatment 
(Long-term  tests,  up  to 
2 years  or  lifetime) 


Predictive 

Endpoints 


Tests 

Recommended 


Lung.  Hyperemia  (7); 
Interstitial 
inflammation  (53) 
Proliferation  of 
lymphohistiocytic 
elements  in  alveolar 
walls  (7) 


o Stomach.  Irritation 
(55) 


Intestines. 

reported 


Formaldehyde  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
(including  i^ 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


1 

Chronic  Treatment  Predictii 

(Long-term  tests,  up  to  Endpointi 
2 years  or  lifetime) 

1 


Effect  on 

o Liver. 

o Liver.  None 

Organs  and 

Hyperemia, 

reported 

Tissues 

perivascular 

(Cont . ) 

edema,  necrosis 

(15) 

o Kidneys. 

0 Kidneys.  None 

Hyperemia  (15,25) 

reported 

Perivascular 

edema  (15) 

o Liver.  Focal  j 

hyperplasia  (7) 

Profusion  of  j 

binuclear  cells  j 

surrounding  the  | 

triads;  nuclear  ] 

polymorphism  (7)  I 

Activation  of  | 

reticuloendothelial  | 

system  elements  (7)  | 

o Kidneys . Focal  | 

inflammatory  changes  I 

(53);  Dilated  vessels  | 

in  juxtamedullary  1 

zone  of  cortex  (7)  I 


i 
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Formaldehyde  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 

Acute  Treatment 
(including  in 
vitro  tests) 

Subchrcnic  Treatment 
(Short-term  tests, 
up  to  90  days) 

Chronic  Treatment 
(Long-term  tests,  up  to 

2 years  or  lifetime) 

Predic( 
End  poll 

8.  Effect  on 

o Uterus. 

o Uterus.  None 

o Uterus.  None 

Organs  and 
Tissues 
( Cont . ) 

Hemorrhage , 
edema,  necrosis 
of  endometrium; 

reported 

reported 

injury  to 
myometrium; 
polynuclear 
infiltration; 
obliteration  of 
cavity  (30) 

o Bladder . o Bladder . None  o Bladder . None 

Inflammation,  reported  reported 

edema,  necrosis; 

Adhesions  to 

viscera 

Transmural 

inflammation, 

mucosal 

ulceration, 

hemorrhage  (31) 

Coagulation 
necrosis  (32) 

Leucocytic 
infiltration, 
hemorrhagic 
cystitis , 
destruction  of 
transitional 
epithelium  (32) 


Formaldehyde  Toxicity  - Matrix  (Cont.) 


9.  Cytologic  and 

0 Coagulation  of 

o None  reported 

o None  reported 

None 

Cytogenetic 

ce 1 lular 

Effects 

proteins  (8) 

o Caryorhexis  and 
pyknotic  nuclei 
in  epithelial 
cells  of  bladder 
and  uterus 
(30,32) 

o Cytocidal  effect 
Ehr lich- 
Landschutz  (ELD) 
diploid  ascites 
tumor  cells  in 
vitro  ( 34 ) 
o SMr  and  Trp+ 
mutations  in 
Escherichia  coli 
(35) 

o Mutation  in 
Drosophila 
me  lanogaster 
(36,37) 

o Adverse  effects 
on  mouse 
neuroblastoma 
cells  Jji  vitro 
(13) 


10,  Molecular 

o Interstrand 

o None  reported 

0 Enlargement  and 

None 

Effects 

cross-links  in 

rarefaction  of  RNA 

DNA  of  E.  coli 

granules  in  liver 

in  vitro  (38) 

cells  (7) 

Formaldehyde  Toxicity  - Matrix 

(Cont . ) 

hronic  Treatment 

Chronic  Treatment 

Predict ive 

Tests 

rt-term  tests, 

0 90  days) 

( Long-term 
2 years  or 

tests,  up  to 
lifetime) 

Endpoints 

Recommended 

one  reported  o None  reported 


None 


None 


done  reported  o Enlargement  and  None  None 

rarefaction  of  RNA 
granules  in  liver 
cells  (7) 


Formaldehyde  Toxicity  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
( inc  lud  i ng  j_n 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(Long-term  tests,  up 
2 years  or  lifetime) 


o Testis. 

Inhibition  of 
spermato- 
genesis ; 

Calc  if ication, 
degeneration , 
and  atrophy  of 
tubules ; 
Degenerative 
changes  in 
epididymis;  Mild 
degeneration  of 
Leydig  cells; 
Damage  to  blood 
vessels  and 
capillaries ; 
Enlargement  and 
generalized 
atrophy  of  organ 
(17) 

12.  Metabolism  o Absorption. 

Respiratory 
tract  absorption 
95-100%!  (40) 

o Bio transformation. 
In  vivo; 

Oxidation  to 
formic  acid 
(major  pathway); 
Reduction  to 
methanol ; 

Formation  of 
acetic  acid; 
Metabolism  of 
formic  acid  to 
CO-  or  labile 
methyl  groups; 
Esterification 
of  some  HCOOH  to 
methyl  formate 
(8,41,42,43) 

In  vitro; 


o Increased  duration  o None  reported 

of  pregnancy  (51). 

Increased  total  body 
weight  and  weights 
of  adrenals, 
kidneys,  and  thymus 
of  progeny  (51) 

Decreased  lung  and 
liver  weights  of 
offspring  (51) 


o None  reported  o None  reported 


Dismutation  to 
formic  acid  and 
methanol  (44,45) 


11.  Reproductive 
and 

Teratogen  ic 
Ef fee  ts 
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Formaldehyde  Toxicity  - Matrix  (Cont.) 


hronic  Treatment  Chronic  Treatment  Predictive  Tests 

rt-term  tests,  (Long-term  tests,  up  to  Endpoints  Recommended 

o 90  days)  . 2 years  or  lifetime) 


nc reased  duration  o None  reported  None  None 

f pregnancy  (51). 

ncreased  total  body 

eight  and  weights 

if  adrenals, 

;idneys,  and  thymus 
if  progeny  (51) 
tecreased  lung  and 
.iver  weights  of 
►ffspring  (51) 
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Formal  >iehy  do  Toxicity  - Matrix  (Cont.) 


System 

or 

Ef  fee  t 


Acute  Treatment 
( inc lud ing  ^ 
vitro  tests) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(Long-term  tests,  up  to 
2 years  or  lifetime) 


12.  Metabolism  o 

( Cont . ) 


13.  Carcinogenesis  o 


Excretion. 

Some  formic  acid 
excreted  in 
urine  (8) 

None  reported  o 


No  tumors  in  C3H 
mice  exposed  11 
times  to 

200  mg/cu  m (162  ppm) 
HCHO  in  air  over 
4-week  period; 
Sacrificed  at  end  of 
4th  week  (52) 


o Injection  site 
sarcomas  ^spindle 
cell)  in  rats  given 
1 ml  0.4%  aq . 

HCHO  soln.  sc 
once/week  for  15 
months,  appeared 
2-5  months  after 
termination  of 
injections  (56) 


o No  tumors  in  C3H  mice 
exposed  to  HCHO  in 
air  0.05  mg/liter 
1 hr/day  for  35 
weeks  (sacrificed 
at  end  of  35th 
week),  followed 
by  0.15  mg  liter 
1 hr/day  for  3 
times/week  for  29 
weeks  (sacrificed 
after  64  weeks)  (52) 
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I 


I 

Foi  iiM  ! vli'hytle  Toxiritv  - M.’itrix  (Cont  . ) 

ronic  TrcjitiiuMit  Chronic  Tro.itmi'nt  I’roii  ict  i vo  Tests 

t-term  tests,  ( l.onjfterm  tests,  up  to  Kndpoints  Recommi'iuled 

90  days)  2 years  or  lifetime) 


o In'iection  site  None  None 

sarcomas  (spindle 
cell)  in  rats  j>  i ven 
1 ml  0.42;  aq. 

IICIIO  soln.  sc 
onci'/wet'k  for  IS 
months,  appeari'd 
2-S  months  after 
termination  of 
i n jec  t i ons  ( Sh) 

o No  tumors  in  Oil  mice 
exposi'd  to  IICIIO  in 
ail-  O.OS  mp,/ liter 
1 hr/day  for  IS 
we  e k s ( s a c r i f i c i'  il 
at  end  of  ISth 
week),  followed 
hy  0 . I S mp  lit  er 
1 hr/day  for  3 
times /week  for  29 
weeks  (sacrificed 
after  64  wi'i'ks)  (S2). 


I tumors  in  C>ll 
ce  I'xposeil  1 1 
•es  to 

lO  mp/cu  m (162  ppm) 
no  in  air  over 
veek  period; 
ICrificeil  at  end  <if 
ih  week  (S2) 


Toxicity  of  Nitrogen  Oxides  - Matrix 


System 


Effect 


Acute  Treatment 
(including  in 
vitro  testsT” 


Subclironic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests,  up  to 
2 years  or  lifetime) 


1.  Hematologic 
Ef fee  ts 


o Leucocytes 
significant 
decrease  in 
number  ( 2 ) 
o Hemoglobin  No 
change  (1) 

o Platelets  No 
change  ( 1 ) 
o Methemoglobin 
increased  (6-8) 


o Leucocytes  No 
I change  (33) 


Hemoglobin  No  change 
(rat)  (13) 

Platelets  None 
reported 

Methemoglobin  (46) 
Polycythemia  (45) 


o Leucocytosis  which 
receded  with 
cessation  of  exposure 
(71) 

o Hemoglobin  decreased 
(dog)  (71 ) 

No  change  (dog)  (72) 
o Platelets  None 
Reported . 


Bone  Marrow 
Changes 


o None  Reported 


o None  Reported 


o None  Reported. 


3.  Immunologic 
Effect 


Positive 
reaction  to 
aerosolized 
antigen  (Severe 
dyspnea)  (9) 


o Positive  reaction  to 
aerosolized  antigen 
(severe  anaphylaxis) 
(47) 


Positive  reaction  to 
aerosolized  antigen 
(severe  anaphvlaxis) 
(47,71) 

Antibody  production 
inhibited  (13,14,16, 
17,19,74,75) 


o Increasd  o Increasing 

susceptibility  to  susceptibility  to 

infection  (10-21)  infection  (high 

mortality)  (48) 


Increased 
susceptibility  to 
infection  (high 
mortality)  (76) 


Toxicity  of  Nitrogen  Oxides  - Matrix 


i 


chronic  Treatment 
ort-term  tests, 
to  90  days) 


Chronic  Treatment  Predictive 

(long-term  tests,  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


Leucocytes  No 
change  (33) 


Hemoglobin  No  change 
I (rat)  (33) 

Platelets  None 
reported 

Methemoglobin  (46) 
Polycythemia  (45) 


Leucocytosis  which 
receded  with 
cessation  of  exposure 
(71) 

Hemoglobin  decreased 
(dog)  (71) 

No  change  (dog)  (72) 
Platelets  None 
Reported . 


Leucocytosis  1.  Complete  CBC, 
differential , 
hematocrit 


[Hone  Reported 


Positive  reaction  to 
aerosolized  antigen 
(severe  anaphylaxis) 
(47) 


Increasing 
ausceptibil ity  to 
infection  (high 
■ortality)  (48) 


None  Reported. 


Positive  reaction  to 
aerosolized  antigen 
(severe  anaphylaxis) 
(47,71) 

Antibody  production 
inhibited  (13,14,16, 
17,19,74,75) 

Increased 
susceptibility  to 
infection  (high 
mortality)  (76) 


None 

None 

1.  Hypersensi- 

1. Immunological 

tivity 

tests 

2.  Increased 

2.  Mouse  infectivity 

suscepti- 

test 

bility  to 

infect  ion 

I 


Toxicity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
(including  in 
vitro  tests) 


Subchronic  Treatment  Chronic  Treatment  1 
(Short-term  tests,  (long-term  tests,  up  to  1 
up  to  90  days)  2 years  or  lifetime) 


4.  Central  Nervous  o None  Reported 
System  (CNS) 


o None  Reported 


CNS  disturbances 
(human)  (32) 


5.  Behavioral 
Effec  ts 


o None  Reported 


o None  Reported 


o None  Reported. 


6.  Cardiovascular 
Effec  ts 


Hypotension 
accompanied  by 
decreased 
cardiac  output 
and  stroke 
volume;  systemic 
acidosis  out  of 
proportion  to 
the  rise  in 
arterial  CO. 
pressure.  (23) 


o None  Reported 


o None  Reported. 


Biochemical  and  o 
Histochemical  o 
Effects 


Lung . 

Elevated 
Peroxidation 
(24),  Lactic 
dehydrogenase 
(28) 

Depressed 
Catalase  (25), 
glucose 

metabolism  (26) 
No  Change, 
Cathepsin  (27), 
benzpyrene 
hydroxylase  (29) 


o Lung . 

o Elevated  Lactic 
dehydrogenase  and 
aldolase  (28,49,50); 
Peroxidation.  (34) 


o Lung . 


Depressed  Total 
saturated  phospho- 
lipid fatty  acids 
(77) 


Ch  roma  tog  ra  ph i c 
shift  of  lactic 
dehydrogenase  to 
anaerobic  band  5 
(14,18) 


2 


I 

I 


deity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


Sonic  Treatment 
pterm  tests, 
pO  days) 

Chronic  Treatment 
(long-term  tests,  up  to 

2 years  or  lifetime) 

Predictive 

Endpoints 

Tests 

Recommended 

[ 

|e  Reported 

CNS  disturbances 
(human)  (32) 

None 

None 

1 Reported 

o None  Reported. 

None 

None 

1 Reported 

0 None  Reported. 

None 

None 

• o Lung . 

»ted  Lactic 
Irogenase  and 
Use  (28,49,50); 
lidation.  (34) 

o Depressed  Total 
saturated  phospho- 
lipid fatty  acids 
(77) 


1.  Lung  damage  1.  Lipid  peroxidase 

test 


( 


2 


Toxicity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


System 

or 

E f feet 


7.  Biochemical  and 
Histochemical 
E f fee  ts 
(Cont . ) 


Acute  Treatment 
(including  in 
vitro  testsT" 


o Blood 

Elevated  Serum 
lactic 

dehydrogenase 
(28),  aldolase 
(28). 


o Chromatographic 
shift  of  lactic 
dehydrogenase  to 
anaerobic  band  5 
(14,18) 


o Liver 

Elevated  Lactic 
dehydrogenase 
(28)  aldolase 
activity  (28), 

‘^°2.  . 

Insignificant 

(28) 

o Kidney 

Elevated  Lactic 


dehydrogenase , 
(28)  aldolase 
(28),  QO^  (28) 


o Spleen 

Elevated  Lactic 
dehydrogenase , 
(28),  aldolase 
(28),  QO^  (28) 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
("long-term  tests,  up  to 
2 years  or  lifetime) 


o Blood 

Elevated  D-2,3- 

diphosphoglycerate 

(51) 


o Depressed  catalase 
activity  (52) 


o Liver . 

Elevated  Lactic 
dehydrogenase  and 
aldolase  activity 
(28,49,50) 


o Kidney 

Elevated  Lactic 
dehydrogenase 
activity  and  QO 
(28,49,50)  ^ 

o Depressed  Aldolase 
activity  28,49,50 

o Spleen 

Elevated  Lactic 
dehydrogenase , 
aldolase  and 
QO2  (28) 


o Blood 

Elevated  Serum 
immunoglobulins  (74); 
lipoproteins , 
cholesterol  and 
albumin  (human)  (32) 
o Depressed  serum 
albumin  (71 ) 


No  Change  alkaline 
phosphatase  (72) 


o Kidney  None  Reported. 


o Spleen  None  Reported. 
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xicity  of  Nitrogen  Oxides  - Matrix  (Coi.t.) 


Iver. 

levated  Lactic 


■jydrogenase  and 
Idolase  activity 
18,49,50) 


tvated  Lactic 


lydrogenase 
tivitv  and  QO. 
),49,'50) 

pressed  Aldolase 
civity  28,49,50 


teen 

Ivated  Lactic 


^drogenase, 
>lase  and 
(28) 


hronic  Treatment 
ft-term  tests, 

0 90  days) 

Chronic  Treatment 
f long-term  tests,  up  to 

2 years  or  lifetime) 

Predictive 

Endpoi nts 

Tests 

Recommended 

lood 

o 

Blood 

2.  Elevated  IG 

2.  Immunological 

levated  D-2,3- 

Elevated  Serum 

( poss i b ly 

tests 

fphosphoglycerate 

immunoglobulins  (74); 

correlates 

51) 

lipoproteins , 

with 

cholesterol  and 

hematological 

albumin  (human)  (32) 

effects) 

ipressed  catalase 

o 

Depressed  serum 

Stivity  (52) 

albumin  (71) 

No  Change  alkaline 
phosphatase  (72) 


o Kidney  None  Reported, 


o Spleen  None  Reported. 


n 
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Toxicity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


System 

or 

Effect 


7.  Biochemical  and 
Histochemical 
Effects 
(Cont . ) 


8.  Body  Weight, 
Organs 


Acute  Treatment 
(including  in 
vitro  testsT” 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


o Heart 


Chromatographic 
shift  of  lactic 
dehydrogenase  to 
anaerobic  band  5 
(14,18) 


Chronic  Treatment 
(long-term  tests,  up  to 
2 years  or  lifetime) 


o Heart  None  Reported  o Heart  None  Reported 


Body  weight. 

o Body  weight  No 

o 

Body  weight 

Weight  loss  dose 

difference  between 

Significant  decrease 

related  (1,3) 

experimental  and 

(several  species 

control 

incl.  rats). 

animals  (3,52) 

0 

(71,78,70) 

No  change  (rats) 
(13,72) 

Pulmonary  Effect 

o Pulmonary  Effect 

o 

Pulmonary  Effect 

Function. 

Function  None 

Function.  Increased 

Increased 

reported . 

respiratory  rate 

respiratory 

(80):  decreased 

rate;  decreased 

tidal  volume  (80). 

tidal  volume  and 

No  change  in 

pulmonary 

respiratory  flow 

diffusing 

resistance  (73), 

capacity 

Q0„  (72) 

( reversible) 
(18,30-32) 

Pathologic . 

o Pathologic. 

o 

Pathologic . 

Edema, 

Perivascular 

Bronchiolar 

epithelial 

chronic 

inflammation  (59), 

degeneration. 

inflammation. 

hyperplastic  and 

inflammation. 

hyperplastic  and 

hypertrophic  changes 

abnormal  mast 

hypertrophic 

(81,82),  cellular 

cells. 

changes,  cellular 

abnormal i t ies 

i nterstitial 

abnormalities. 

(45,81-83),  abnormal 

fibrosis , 

hemorrhage,  abnormal 

collagen  fibrils 

hemorrhage , 

ciliogenesis. 

(65),  emphysematous 

mitochondrial 

abnormal  collagen 

changes  (53,84,86), 

loss  in  alveolar 

fibrils  (3,33,38,49, 

abnormal  ciliogenesis 

cells, 

inhibition  and 
loss  of  cilia  in 
alveolar 
epithe lium 
(2,3,23,18,33-38) 

52-62) 

(83) 

A 
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:ity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


lie  Treatment 
term  tests, 

D davs^ 


Chronic  Treatment  Predictive 

(long-term  tests,  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


t None  Reported  o Heart  None  Reported 


weight  No 
erence  between 
rimental  and 
rol 

•Is  (3,52) 


onary  Effect 
tion  None 
rted. 


Body  weight 
Significant  decrease 
(several  species 
incl.  rats). 
(71,78,70) 

No  change  (rats) 
(13,72) 

Pulmonary  Effect 
Function.  Increased 
respiratory  rate 
(80):  decreased 

tidal  volume  (80). 

No  change  in 
respiratory  flow 
resistance  (73), 

QO^  (72) 


1 . hung  damage 


1 . Pulmonary  adema 
test  (labelled 
albumin) 


ologic . 

vascular 

die 

Binma  tion, 
rplastic  and 
rtroph ic 
|es,  cellular 
pna  1 i t i e s , 
frhage,  abnormal 
genesis, 
hnal  collagen 
lls  (3,33,38,49, 


Pathologic . 

Bronch iolar 
inflammation  (59), 
hyperplastic  and 
hypertrophic  changes 
(81,82),  cellular 
abnormalities 
(45,81-83),  abnormal 
collagen  fibrils 
(65),  emphysematous 
changes  (53,84,86), 
abnormal  ciliogenesis 
(83) 


L 
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Toxicity  of  Nitrogen  Oxides  - Matrix  fCont.) 


System 

or 

Effect 


Acute  Treatment 
(including  in 
vitro  testsT” 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests,  up  to 
2 years  or  lifetime) 


8.  Body  Weight, 
Organs 
(Cont . ) 


Vascular 
Permeabili 
and  Edema 
formation 


(32,39) 


Vascular  Permeability  Vascular  Permeability 

and  Edema  formation  and  Edema  formation 

(38,65, 66 ) (55,59,72,79,81,87) 

Humans  decrease  in 
ventilatory 
performance  in  one 
study  (88)  but  not  in 
others  (32) 


o Liver . In  vitro  o Liver  No  adverse 
growth  effects  seen  (52) 

inhibition 
' (liver  cells) 

(40),  cellular 
abnormalities 
(18) 


o Liver  No  adverse 
effects  seen  (59) 


o Kidney.  Edema 
and  lymphocytic 
infiltration, 
glomeralae 
abnormalities 
(18);  No  effect 
on  body  weight 
to  kidney  weight 
ratio  (1) 


o Kidney  None  Reported  o Kidney  No  adverse 

effects  seen  (59) 


o Spleen.  None 
Reported 


o Spleen  None  Reported  o Spleen  No  adverse 

effects  seen  (59) 


o Heart . 

Interstital 
fibrosis  and 
edema  (18) 


o Heart  None  Reported  o Heart  No  adverse 

effects  seen  (50) 
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Toxicity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


System 

or 

Effect 


Acute  Treatment 
(including  in 
vitro  testsT" 


Subchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


8.  Body  Weight, 

0 Skin  None 

0 Skin  None  Reported 

Organs 

Reported 

(Cont . ) 

o Other  organs 

Eye  and  nose 
irritation  (3), 
change  in  dark 
adaption  (human) 
(3,28,41) 

Chronic  Treatment 
(long-term  tests,  up  to 
2 years  or  lifetime) 


o Skin  disorder  32 


o Other  organs. 
Trachea,  lymph, 
adrenal,  thyroid, 
pancreas,  duodenum, 
bladder,  brain,  not 
affected  (72) 


9.  Cytologic  and  o None 
Cytogenetic 
Effec  ts 


Reported 

0 No  adverse 

mitosis  of 

epithelial 

(67) 

effect  on  o None  Reported 

alveolar 

cells 


10.  Molecular 
Effects 


o Protein  molecular  o None  Reported 
structures  of 
collagen  and 
elastic  altered 
(42) 


o None  Reported 


Reproduc  tive 

0 None  Reported 

o Adverse  effects  on 

o None  Reported 

and 

genital  function 

Teratogenic 

(68,69) 

Effects 

delayed  littering 
(52) 

f Nitrogen  Oxides  - Matrix  (Cent.) 


satraent 

Chronic  Treatment 

Predictive 

Tests 

»sts , 

) 

(long-term  tests,  up  to 

2 years  or  lifetime) 

Endpoints 

Recommended 

Reported  o Skin  disorder  32 

o Other  organs. 

Trachea,  lymph, 
adrenal,  thyroid, 
pancreas,  duodenum, 
bladder,  brain,  not 
affected  (72) 

i effect  on  o None  Reported  None  None 

f alveolar 
I cells 


rted  o None  Reported  None  None 


ffects  on  o None  Reported  None  None 

unction 

ittering 
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System 

or 

Effect 


Acute  Treatment 
(including  in 
vitro  tests'' 


Toxicity  of  Nitrogen  Oxides  - Matrix  (Cont.) 


SuHchronic  Treatment 
(Short-term  tests, 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests,  up  to 
2 vears  or  lifetime) 


12.  Metabolism  o In  h^man  Sl-872- 

of  exhal.’i' 

n i t rocen  was 
;^*'<.'tSed  during 
n.'rma  1 

vent  i lat ion  and 
more  than  90% 
during  periods 
of  maximal 
vent ilation 
(43,44), 
glycolysis  was 
stimulated  but 
stimulation  was 
not  persistent 
(25) 


o Increased  excretion  o None  Reported 
of  albumin,  alpha-, 
beta-  and  gamma 
globul ins  in  the 
urine  (70) 


11.  Carcinogenesis  o None  Reported 


o Adenomatous 

proliferation  of 
bronchial  and 
bronchiolar  tissue 
(mice)  (48) 


o Type  of  tumors 
produced  in  rats. 
Spindle-cell  and 
ganglioneuroma  of 
adrenal  (29,72,80, 
89,90) 


1 


Predj 

Endp^ 


\ 

i 


7 


y of  Nitrogen 


Oxides  - Matrix  (Cont,) 


Treatment 
B tests, 
lays) 


Chronic  Treatment 
(long-term  tests,  up  to 
2 years  or  lifetime) 


Pred i c t ive 
Endpoints 


led  excretion  o None  Reported 

min,  alpha-, 

and  gamma 

Ins  in  the 

(70) 


None 


Tests 

Recommended 


None 


i 

■atous 
[feration  of 
^ial  and 
iihiolar  tissue 
i)  (48) 


o Type  of  tumors 

produced  in  rats. 
Spindle-cell  and 
ganglioneuroma  of 
adrenal  (29,72,80, 
89,90) 


None 


None 
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I.  INTROmiCTION 


I 


Thi'rt'  is  amp  1 >'  av  i iloiii’i'  to  show  that  nitri'p.o'i  oxiJos  pii’ihii'o  aiU'oisi' 
otloots  on  oxpor  imont  a 1 animals  an>l  humans.  Most  ot  this  oviJoiu-o  is 
hast'vl  on  tin'  lo  I at  i onsh  i p ht'twoi'n  oxposuro  to  n i I ii'pon  oxivlos  aiul  t l\o 
fos(t ! r.taf  (1(1  Imi'itai'v  ilvs  l imo  t i iiii  ( i'(»|ih vsoma  or  h roncli  i t i s I , or  on  t ho 
pot  I'nt  iat  inn,  o f 1 oo  t ot  suoh  i'x(iosuro  on  .in  alroailv  pros<'nt  ohronio 
It'S  (i  i rat  oi' V il  i soas<' . 


.•\lrhoup,h  tlu'ro  aro  sovoral  oxiilos  ot  nitron.on  (irosi'Ut  in  t ho 
atmoscihoro  (nitrous  oxiilo,  .1  i n i t n'p.on  trii'xiih',  >1  i n i t roi’.on  pi'ntoxiJo  amt 
nitrato  ions^  liosiilos  nitrio  iixiito  (Nttl  .iml  nitropon  diiixivlo  (N0,\ 
t hov  aro  prosi'iit  in  v'orv  small  ((uantitios.  amt  oxoopt  Idr  nitrous  oxiilo. 
(N.^Ol  .III'  not  Ilf  t ox  i oo  1 i oa  1 intorost.  1 n format  i im  oiinoi'rn  i n,v’ 
ot  foots  of  n i t rogon  oxiito  on  I'xpor  imont  a I animals  amt  tinmans  is  soaroo. 


'xoopt  for 


Nitrous  oxiito  possossos  strong  anosttu'tio  amt  anal.gosio  proport  io 


At  oonoont  rat  i ons  iif  80'T.  (I.4A  x 10  mg 'm  \ nitrous  oxiOo  is 


offootivo  as  a gi'norat  am'st  lu't  i o . Inlialation  ol  10-20"'.  of  t ti  i s iixiilo 


S A ;l  . 

(1.8  X 10  - l.h  X to  mg 'm  ^ proviOt's  oflootivi'  analgosia. 


Nitrio  oxiito  lias  boon  sliown  to  proituoo  ailvorsi'  olfoots  in  anim.ils  amt 
humans.  Atttiougli  no  oasos  of  tinman  poisoning  iluo  ti'  nitrio  oxiJo  liavi' 
boon  roportoil  in  t lio  litoratun'.  it  is  umlouli  t oO  I v inolmloit  in 


oooupntional  t'xposuro  to  NO^.  Wlu'ii  prosont  in  li  i ,gli  oonoi'iit  ra  I i ons  , 


nitrio  oxiito  is  roaililv  oonvortoil  to  n i t rogon  itioxiilo,  a (iropi'itv  wli  i o'l 


makos  it  it  i f f i on  I t to  oont  rol  its  oonoi'nt  ra  t i ons  in  laboratorv 


oxporimonts.  Kx|iosuro  to  vorv  tiigti  oonoont  rat  i ons  of  nitrio  oxiOo 
rosults  in  oontral  norvims  .svsti-m  offoots,  Ooori'.iso  in  pulmonarv 
funotion,  inoroaso  of  iiii't  liomog  I ob  i n amt  on.'^vmatio  inhibition. 


"I 


r 


Nitro^fii  tlioxiiie  (NO.,)  in  by  l';ir  t lu'  most  significant 
b io  1 og  i ca  1 I y . It  is  about  ■'*  t imi's  more  toxic  than  nitric  oxide  and  its 

primary  efti'ct  is  on  the  long  where  it  can  alter  the  con  f i gnra  t i on  of  the 
long  tissoi'  struct  viral  piviteins,  cvillagv'n  and  e last  in.  Its  svstv'mic 
v-lfi’cts  inctoih'  extt'iisive  tissue  changes,  weight  liiss,  hematoKigic 
abni'' rma  1 i t i v's  and  inliibition  iif  I’n/vmt’s.  Kxpiisort'  to  NO.,  results  in 
increasv'vl  sosct'pt  i b i I i t v to  . .i  f<'c  t i i>n  . 


.Mthi'ogh  thi'  biological  effv'cts  in  homans  of  repeated  exposure  to 
NO.,  (anil  other  oxides  of  nitrogen’'  are  of  interest,  the  revit'w  bv  the 
committev'  on  Threshold  Limit  Value  (TLV)  (1062)  led  tvi  tlu'  conclusion 
that  data  deriveil  frvim  human  inilostrial  settings  weri'  mit  so  f f i c i v'n  1 1 y 
precise  tv’  be  cv’nc  I os  i Vv’  in  sv'tting  a thri'shold  value  1 vir  nitrogen 
vl  i I’x  i ill’ . At  bv»st  , till'  human  I'ata  pertain  tvi  exposures  iif  S hi’ors/day,  h 
via  vs  /wt'i'k  . 


The  values  for  rats  anvl  rabbits  exposed  to  NO.,  for  1 'i 

minutes  rangeil  fri’m  101-212+4.1  ppm  anil  200-342+“’. 0 ppm,  n’spect  i ve  1 y 

(1).  Mine  et  al.  (2)  stovlied  the  mi’rtalitv  thrv’shv’lil  ci’iicent  ra  t i vans  of 

7‘'-04  mg''m  (40-'i0  ppm)  after  1 hi’iir  expv’sores  v’f  rats,  mice,  goinv''.a 

pigs,  rabbits  and  dv’gs,  and  observed  that  the  rats,  mice  and  guinea  pigs 

are  mi’i'i’  soscept  ibli’  tv’  nitri’gen  d i cix  i de  than  the  rabbit  and  dog.  Other 

i nvi'st  i gat  I’rs  observed  the  nonhoman  primate  tv’  be  slightly  more 

3 

susceptible  tv’  nitrv’gen  dioxide  (122  mg/m  (6“'  ppm)  for  8 hv’iirs)  than 
similarly  expi’sovl  rvidi'iits  (D. 


Length  I’f  expv’siire  anil  conci'nt  rat  i I’n  are  critical  factors  in  the 
iletermi  na  t i i’ll  of  the  I’f  NO.,  in  varii’os  animal  species.  For 

I'xampli’  short  exposures  of  rats  to  high  concentrations  v.;ere  more  toxic 
than  I’qnivalent  I'xpi’svires  tv’  li’w  ci’iicent  rat  i I’lis  for  K’nger  periods,  as 
illustrated  belv’w. 


rison  of  Lethal  Levels  of  Acute  Exposure  of  Male  Rats  to  NO 


i 


The  Amorioiin  Con  fi'i-eiict'  of  Covornmontn  1 Inihistrinl  llv>;  i on  i st  s has 
boon  pnblishin^  lists  of  TVI.'s  from  t imo  to  t imo  ovor  many  voars,  Thosi' 
TI.V's  havo  boon  ailoptod  as  tho  official  maximum  oxpvisiirt'  lovols  by 
NIOSH.  Tho  cnrront  os  t ab  1 i slioii  TI.V  for  NO.,  is  S ppm  (about  in^; 'm  ) 

(■SK 

Tho  information  containoO  in  this  ilocnmont  portains  to  thi'  most 
biologically  active  of  tho  throo  nitrogon  compoumls  montioiu'O  almvi*  - 
NITROCKN  DIOXIDE  (NO.,^ 

For  tho  purpose  of  this  review,  acute  toxicity  is  I'ofinoil  as  that 
rosnlting  from  a single  exposure,  injection,  aOmin i s t ra t i on , or 
application  (skin).  Ihiilor  aento  effects  will  also  be  IncUnleil  jji  ''' 
observations.  Snbchronic  toxicity  is  Jofineil  .is  tliat  resulting  fri'in 
repeatoil  (continuous  or  intermittent)  treatment  Jur  i ng  a hO-ilay 
experimental  period  or  less  (short-term  tests).  Chroni^  toxicity  is 
defined  as  that  resulting  from  continuous  treatment  over  a period  of  2 
years  or  more  (long-term  tests  or  lifetime  tests). 

Typical  examples  will  be  selected  to  ilhistrate  toxic  endpoints. 

Information  Sources  - The  information  contained  in  the  body  of  this 
document  is  derived  from  the  following  sources: 


Nitrogen  oxides  - Committee  on  Medical  and  Biologic  Effects  of 
Environmental  Pollutants.  National  Academy  of  Sciences, 
Washington,  D.C.  1‘177. 

I.ow-I.t've  1 Air  Pollution  Effects  on  Experimental  .Animals.  A 
Review  S.D.  Talisayon  Ci>rnell  University,  Ithaca,  N.Y.  l‘'72. 
Distributed  by  NTIS. 


o Con  t i'll' Hi' o iiii  Ho.ilth  !•' I I oc  t s of  At  nu's  plio  f i o Sn'ts  .iiul  ttnsi's  i' 

SiiMnr  aiul  N i t roi’.on  in  Assooiation  willi  IMio  t oi'hom  i t-a  I t'xiiiant 
llo  1 il  at  Nowport  U.-aoh , Calllornia.  .lanuarv  7-8.  Wi  I . 1 

T.  rimothv  t’rookor,  ft  i s t r i I'n  t ovl  hv  Nl'lS. 

i’  Six  Yoars  of  Kosoaii'li  in  Aii'  rollntion.  l‘'SS-|0(,i.  DllfW. 
Washington,  n.C. 

o Citations  ivlontilioJ  ttivough  a Traoor  l.itoratnro  Soaii.'h. 

o tV'onpat  i iMia  ! liisoasos,  a Cu  i 8o  to  Tlio  i f Kooogn  i t i on  Koviso<l 

l-Jition,  I'-’/?.  nilKW  f\! . M.  M.  Kov . A.V.  Honsohol.  .1.  Hntl.'r. 
K . N . 1 . i go . I . K . Tah i'  rs li aw . 

i'  Kopoft  ot  till'  A8  Hoo  Committoi'  Moi'ting  on  Nitiiigon  Hioxivlo  Ai 
Quality  Staiiilaiif  April  18.  l^'li’.  St.ito  Oopartmont  of  I’uhlio 
Iloa  1th,  (’a  1 i f oi  n i a . 

o lloalth  Kfloots  of  Motor  Vohirlo  Kxhaust  . .I.t\.  CoKlsmith. 

I’rosontoil  to  Motor  Vi'liiolo  rollntion  Ci'ntrol  hiviii'.  l,os  Angol 
Align  St  11.  1 '■It'  1 . 

Mat  r i X . Thi'  port  inont  offoots  of  NO,  oontainoO  in  this  iloonmont 
will  ho  sniiwiar  i zoil  fsoo  apponOi'O  matrix''.  Is'horo  v’xpor  i nn'nt  a 1 Oata  wor 
not  availahlo,  human  Oat  a wori'  i no  liuloO  ho:  h in  t ho  toxt  anO  in  t ho 


ma  t r 1 X . 
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I I . ACUTK  TOX  1 C r TY  ( i no  1 in'  i nj’,  in  v i t r n 1 1>  s t s ^ 


1.  llomatolopic  K floats 


Loiicoc  vt  t's . CuiiK'.'i  oxposi'il  to  12A  mp 'm  NO,,  showoO  a "iOT. 

Jooroasi'  in  louooovto  oounts  ( (’'0(10 'iran  to  'U'lOO/miii  "I  in  animals  that 
siirvivoO  to  2 wooks  (11  ot  11  aniraalsl  t21. 

11 1 ooO  P hi^t  o 1 o t s 

In  ono  stiulv,  a proiip  ot  Oojts  oxposoO  to  7'.  1 an. I hh.fi  r.ip 'm  ( I'l 
an.l  11  ppm)  t’.if  hO  mimitos,  ‘t?..*!  ;in.t  I Ptl  mp 'm  (12  an.l  .11  ppm)  f.n'  11 
mi  nil  to s an.!  2 11  an.l  108  mg  hii  1121  an.l  114  ppm)  t or  1 minut.'s  r.'sulto.l 
in  no  o'langos  in  t ho  homatoorits  an.l  h 1 o.i.l  platol.'t  .'.lunts  .l.'t.’rmi  no.l  4, 
24  , 48  , 72  lumrs  at'tor  oxp.isiiro  (ll. 

Mothom.’gj  .2b_\Il  (Motlb),  Not  homog  1 oh  ' n was  .lotoot.'.l  in  t ho  hloo.l  of 
oats  oxp.'so.l  to  188  mg'm*  (100  ppm)  aft.'r  approximat 1 v 1 hour  .if 
.'xp.^siir.' . ll.'w.’v.'r  at  282  mg  An  (110  ppm)  NO.,  an.l  ah.iv.',  t ho  bl.n>.l  .if 

t ho  anim.ils  t.'st.'.l  o.'ntain.'.l  Nollb  aftor  1 h.nir  ot'  oxposuro,  but  tho  Motlb 
was  no  long.'r  m.-asurabto  1 to  2 hours  aftor  animals  wor.'  r.'turno.l  to 
.'loan  ,1  i r . In  thoso  oxporimonts,  tho  NO,,  valuos  roflooto.l  tho  t.ital 
i>xi.los  .if  n i t r.igon  prost'nt  in  tho  oxp.isuro  ohambor:  tho  o .moon  t ra  t i .in  .if 
NO.,  was  not  ovaluat.'.l  (bl. 

Oiigs  I'xp.iso.l  to  NO,,  (2v)  bv  inhalat  ion  .ir  iv  showo.l  marko.l  inoroas.' 
in  MoHb  lovols  (7,  8).  L.iwor  inoroasos  woro  f.niml  at  1 owor  .l.isos  (0.1 
- 0.1'',A.  Thor.'  was  m’  ovi.lono.’  f.ir  th.’  f.irmati.ni  .if  .Mln'r  oompoun.ls  suoh 

as  nitrio  oxi.lo  liomoglobin,  nitrio  .'xi.Io  m.’t  homog  1 .'b  i n an.l  nitrat.' 
m.' t hom.ig  1 .lb  i n (7). 

2.  Bono  Narr.iw  Chan^os 

Thoro  w.'ro  n.i  r.’p.ifts  on  NO,,  offoots  .in  b.m.'  marr.n.i  in  .'xpor  imont  a 1 


h 


animats  .ir  humans. 


!.  Imniuno  I ol*.  i i.'  KMoi-tn 

Kom.ilt'  v’.ii  i 111'.)  piy’,!^  wi'ri'  pivon  i ii!  lapiM' i t I'ni-n  I ( i p ^ i n i<'0  t i on  o(  (I.!’*"' 
mj;  ol  opp  nlliumin  ;uul  ' . mp  ot  hovino  sornm  ovorv  othor  J.iv.  Ttio 
inii'v'tion  was  ropoatinl  tinu’s.  Throi'  liavs  atti'r  tho  last  i n p'C  t i on , t ho 

animals  worn  axpi^soh  to  •'*(!  anJ  80  ppm  of  n i t ropon  Oioxiilo  tor  80 
minntos.  Thirtv  minnti's  lator  thov  worn  oxposoO  to  t'lo  ai’ roso  1 i zoO 
antipon.  ImmoJ i a t o 1 v aitt'r  t ho  initiation  of  inhalation  of  antipon. 
almost  all  tho  animals  pro-oxposml  to  moro  than  hO  ('pm  of  nitiippon 
OioxiOo  havl  sovi'ro  Jvspnoa  attaoks  anO  many  of  thorn  J i oO , wln-roas  mv>st  o! 
tho  oontrols  showoO  only  a s 1 i ph t . lahoroO  hroathinp  (hi. 

Rolo  of  Spocifio  Immnno  Noohanisms.  Tht-  rolo  of  t !u'  alvoolar 
maorophapo  as  a oontral  moohanism  in  tho  Uinp  for  Ootonso  apainst  inhaloO 
haott'ria  proviOos  a lopioal  moohanism  for  tho  oxprossion  ot  spi'oitio 
oollular  anO  humoral  immunity.  Tho  prosonoo  of  immnno  plohulin  in 
alvoolar  maori'phapos  has  boon  Jt’mons  t ra  t oil . Sliulios  on  pvroponio 
pulmonary  infootions  in  ilisoasos  ot  i mmnnop  I ohu  I i n ih*  f i o i ono  v , as  in 
•onpt'nital  or  aoquirt'il  hypo-  or  tlysparamap  lohn  1 i nt'mi  a an8  in  Ivmphatio 
lovikomia.  so.ppost  that  maorophapt'  o f f oo  t i vt'noss  is  so  1 o 1 y ilopi'nJont 
spoo  i t i 0 I'.nraora  1 immun  i t v ( 10 1 . 

ValanO  ot  al  . (Ill  showoO  that  alvoolar  maorophapos  haryo-;t 
rahhits  that  haO  ri'ot'ivoil  i nt  rat  raohoal  init'otions  of  para  n'  • ' 

virus  woro  rosistant  to  jji  v i t ro  ohal'onpo  >>'ith  rabbit  n.'v 
tlowovor . if  tho  rabbits  woii'  oxposoO  to  NO,  (tl’  mp  m : ' n 1 

hours  soon  aftor  ohallonpo  with  tho  yirvis,  ihirinp  t h.'  > 'onpo  or  up  to 

2't  hours  boforo  tho  ohallonpo,  this  rosistanot’  .io\o!op.  This 

rofraotorv  stapo  lastoO  for  hp  hours.  In  vitto  ' ■ mooi.'phapos  isolatoO 
from  oxposoO  rabbits  woro  nnablo  to  pio.hi.  ••  nl.  t t.non  whon  inooulatoO 
with  tho  inflnonza  virus.  Kxposuto'  1.'  Ni' , i’  ;o  inoroasi'O  t lu' 
aOsi’rption  rato  of  tho  virus  in  tho  hoi,--,  ol  rabbits  but  OiO  not  onhanoo 
infootivitv  bv  th«’  virus. 


I 


K.lir  1 i i.'h  .itiJ  his  i-i'worki'rs  domons  t r a t I'll  in  a s,m  i.-^  at  -.tuiUos  that 
.’I'utt'  .'xj'.'siirt’  1 1'  1 v’w  citiioiMit  rat  i ons  of  nitrocoii  roitiicos  tho 

rosist  iiu'.'  in  mi  oo  (12,  13.  Is,  1S3  anil  in  si)ii  viol  monkovs  ( 1 h , 17,  18, 
l‘>''  to  'i.i.torial  pnoiiinon  i a . This  i no  roas.*,!  lusoopt  i h i 1 i t v is  ov  i ili'not'8 
hv  i no  roa  Si'll  mortality  rato,  rt'iluooi!  litospan,  anJ  roiluooil  ability  to 
• loar  tho  viablo  bactoria  from  tho  liin^s.  In  t ho  i r oxpor  imt'iits . Hlirlioh 
ot  al.  oxposod  animals  to  atmosphoios  oontaininjt  moasnrod  quant  it  ios  of 
NO.,  boforo  and  after  rospir.itoiv  ohallonpo  with  aerosols  of  virulent 
Klebsiella  pneumoniae.  (K.  nno  union  i ao  ^ . 


In  studies  of  aouto  exposure,  mi  oe  Vi’ore  exposed  to  2 hours  of  NO., 

3 

at  oonoent  ra  t i ons  .M  .’.8--'t’.0  my 'm  '1.3-23  ppm',  and  then  ohallenyed 

with  an  aerosol  ot  K.  pnoiimon  i ae  within  l.b  or  27  hours  after  NO,, 

exposure.  The  minimal  NO,,  eoneent  ra  t i on  required  to  prodiiee  a 

St  at  i s t i ea  1 1 V sipnifieant  (p  less  than  0.031  rise  in  mortality  (2  hrs 

3 

exposufi''  was  t'.h  my 'm  (3.3  ppm',  when  the  infectious  cha  1 1 enye 
Oicur’-ed  within  1 hour  after  that  exposure.  When  the  infectious 
cha 1 1 onye  was  delayed,  a statistically  siynificant  effect  was  noted  after 

('  hours.  Wilt  not  after  27  hours  followiny  exposure  to  NO.,  at  concen- 

3 . “ . 

t rat  ions  of  h,.'*  my'm  (3  ppm'  and  above  (12'.  liflien  mice  were  infected 

3 

with  K.  pneumon  i ae  followiny  prio.'  exposure  to  47.0  my'm  (23  ppm'  for 

2 hours,  the  mortality  was  increased  s i yn i f i cant  1 y . This  effect  was  not 

q 

observed  at  4.7  my'm  (2.3  ppm'  (13'. 


A similar  increase  in  mortality  was  observed  in  hamsters  exposed  ti 
63.8  my'm^  (33  ppm'  or  more  of  NO,,  for  2 hours  and  then  challenyed 
within  less  than  1 hour  with  K.  pneumon i ae  (14'. 


Henry  et  al.  (18'  exposed  squirrel  monkeys  to  NO,,  at  18.8-''>3.0 

3 . ' . 

my /m  (10-30  ppm'  for  2 hours  then  challenyed  with  K.  pneumon i ae 

introduced  i n t ra t rachea 1 1 y . Neither  the  infections  challenye  nor  the 

hour  NO,,  exposure  (<34.0  my ''m  . 30  ppm'  alone  was  fatal.  WTien  the  two 

were  combined,  all  three  monkeys  died  after  treatment. 
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It  was  also  domonst  rated  ttiat  susceptibility  of  a species  to 
respiratory  infection  was  partially  responsible  for  the  increased 
mortalitv  rate  after  NO^  exposure  (20').  It  was  found  that  the  rate  of 
clearance  of  bacteria  from  the  lungs  of  mice  and  hamsters  decreased  with 
NO.,  exposure  (ISl.  Autopsies  of  mice  that  died  after  bacterial 
challenge  revealed  high  incidence  of  purulent  exudate  in  the  pleural 
cavities  (14).  The  lungs  of  squirrel  monkevs  exposed  to  NO.,  and 
challenged  with  K.  pneumoniae  developed  massive  infection  wli  i ch  extended 
to  the  kidney,  heart,  liver,  adrenal,  spleen  and  lung.  Exposures  to 
increasing  NO.,  concentrations  produced  alveolar  abnormalities. 


>.  Central  Nervous  Svstem  (CNS)  Effects 


No  reports  were  found  on  the  CNS  effects  of  NO.,  in  experimental 
animals  or  humans. 


Behavioral  Effects 


Six  hour  exposures  of  b.')-3').3  mg/m  (3.7-20.0  ppm)  NO.,  depressed 

the  voluntary  running  activity  of  male  mice,  when  the  concentration  was 
2 

14.3  mg/m‘  (7.7  ppm)  or  greater.  Although  the  threshold  was  not 
...  2 
identified,  it  could  be  narrowed  to  between  and  14.3  mg/m  . In  all 

cases,  activity  returned  to  normal  on  the  first  post-exposure  dav  (22). 

6 . Cardio v a s c u lar  E f fects 

Exposure  of  beagle  dogs  to  7-16  ppm  NO.,  for  1 hour  resulted  in 
hypotension,  accompanied  by  a decrease  in  cardiac  output  and  stroke 
volume.  Th  heart  rate  tended  to  become  slower.  Systemic  acidosis  was 
out  of  proportion  to  the  rise  in  arterial  CO.,  pressure  (PaCO.,)  and 
paralleled  the  decrease  in  cardiac  output  and  arterial  0,,  pressure 
(Pa0„)  (23). 


i 


Biochemical  and  H i s t ochemi ca 1 Effects 

L 

hung.  Thomas  et  a!  . (241  exposed  rats  to  NO.,  (1  ppm)  for  a single 
4-hour  period.  Controls  were  exposed  to  amhit'nt  air.  The  animals  were 
killed  2 and  T davs  after  exposure,  and  the  lunjts  removed  and  the 
mitochondrial  fraction  assayed  for  lipid  peroxidation.  The  peroxidative 
chanj’es  did  not  occur  immediately  but  appeared  to  reach  a maximum  between 
24  and  48  hours  after  exposure. 


Vasallo  et  al  . (2'))  measured  the  ^ vitro  effect  of  NO.,  on  the 
catalase  activity  of  alveolar  macrophage  during  killing  of  Etaphy loccus 
epidermidis  and  Pseudomonas  aeruginosa  in  rabbits.  Exposure  to  10- IS 
millimoles  of  NO.,  for  IS  minutes  caused  a decrease  in  catalase  activity. 

VPiile  testing  the  antibacterial  activity  of  extracts  of  alveolar 
macrophages  (exposed  to  SO  ppm  NO.,  for  3 hours),  following  phagocytosis 
bv  Mycobacter i um  smegma t i s (BCG  strain)  in  rabbits,  Nyrvik  and  Evans  (26) 
observed  impairment  of  phagocytic  activity  of  the  alveolar  macrophage. 

The  results  indicated  that  the  impairment  could  he  tlie  result  of  an 
inhibition  of  either  glucose  metabolism  £er  se  or  inhibition  of  energy 
transfer. 

Milanesi  et  al.  (27)  studied  the  activitv  of  cathepsin  D in  vitro  in 
the  lung  tissue  of  rats.  The  lungs  of  untreated  rats  were  removed, 
homogenized  and  prepared  with  sucrose-’detate  and  adjusted  to  pH  7,2  with 
KOH . Aliquots  of  the  homogenate  were  exposed  to  NO.,  (1  liter/min  or  3 
liters/min  flow  rate)  for  5 to  10  minutes.  No  significant  change  in 
cathepsin  activitv  was  noted  as  a result  of  NO,,  exposure. 

Guinea  pigs  were  exposed  to  40  ppm  NO.,  for  a total  of  4 1,(2  hours 
at  one  half  hour  intervals.  At  the  time  of  death,  the  lungs  were  removed 
and  analyzed  for  LOH  and  aldolase  activities.  bevels  of  botli  enzymes 
were  significantly  elevated  (28). 
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K.i ' ’ <v.  aiiil  04.0  mj’/m  (35  and  SO  ppm) 

Nit,.  I.INI  i ..i.Mi,-  — . • ;siio  it  sqnirrol  monkovs  shiftod  to 

proilomi  n.int  1 V ,in  !.■:  I’ld  S w'lon  ohromatographod . This  ohango  in 

isoonzymo  p.ittorn  w.i  . im-siMit  at  ? davs,  but  rotnrnod  to  normal  S days 
aftor  tormi  n.at  i on  ol  t'lo  NO.,  oxposnro  (18,  14). 

Soriim.  (liiinoa  pigs  woro  oxposod  to  40  ppm  of  NO,,  for  a total  of  4 
1/2  hours  at  ono  half  lioiir  intorvals.  Tho  animals  woro  killod  (timo  not 
spocifiod).  tho  blood  romovod  by  cardiac  pnnctnro,  and  tho  si’rnm  ana  1 vzod 
for  1.011  and  aldolase  activitios.  Doth  onzvmos  woro  s i gn  i f i cant  1 v 
olovatod.  Tho  incroaso  in  levels  of  I.OII  probably  indicated  tissue  damage 
with  snbsoqiiont  release  of  tissue  onzvino  into  tho  blood  stream  (28). 
Oxvgon  consumption  was  also  found  to  be  olovatod. 

3 

Squirrel  monkeys  wi’ro  oxposod  to  18.8  mg/m  (10  ppm)  NO,,  for  2 
hours.  The  1,011  of  lung  tissue  was  measured.  It  was  found  that  the  1.011 
shiftod  to  a predominantly  anaerobic  hand  5 when  chromatographed.  This 
change  in  enzyme  pattern  persisted  for  2 days  but  returned  to  normal  8 
days  after  termination  of  NO,,  exposure  (18,  14). 


I 1 


l.ivor.  RiK'kli'v  .'uul  Raloluim  (28)  oxposoil  piRs  to  AO  p|ini  iif 

NO,,  tor  A 1/2  lioiirs . Tlio  animals  worn  killoci  (timo  not  spooilioil)  anil 
f lio  livors  romovoil  anil  assavoil  lor  1,011  anil  alilolaso  ar  t i v i t i os . Uotli 
onzymos  woro  olovatoil.  Oxv^on  I'onsiiinpt  i on  was  moasiiroil,  anil  t ho 
ilit'foroni'o  holwoon  tho  Iroatoil  anil  control  livors  was  not  s i j;n  i I i can  t 
(slight  o 1 ova  t i on ) . 

K i ilnoy . Cninoa  pigs  oxposocl  to  AO  ppm  of  NO,,  for  A 1/2  hours 
showoil  markoil  incroaso  in  0,,  consnmpt  i oit  anil  significantly  olovatoil  1,011 
anil  alilolaso  activitii's  (28). 

Sploon.  Cninoa  pigs  oxposoil  to  AO  ppm  of  NO,,  for  a total  of  A I ^2 
hours  showoil  significantly  olovatoil  lovols  of  1,011  ami  alilolaso  activitios 
(28).  Oxygon  consumption  was  foiiml  to  ho  acco  lor.itoil . 

Iloart  . Ilamstors  woro  oxposoil  to  O.A-AA.S  mg/m  ( h .iml  Ih  ppm) 

NO,,  for  2 hours  anil  1.011  moasnroil.  Tho  onr.ymo  in  tho  hoart  shiftoil  to 
proilomi  nant  1 v anaorohic  haml  A whon  chromatographoil . This  chango  lastoii 
for  2 ilays  hut  roturnoil  to  normal  8 days  aftor  tormination  of  tho  NO., 
o xposuro  (18,  1 A ) . 

8.  Kf foots  on  Roily  Weight,  T issues  anil  Organs 

Rod^  Weight.  Rats,  guinea  pigs,  rahhits,  monkeys  and  dogs  exposed 
acutely  to  12'!  mg/m  ot  NO,,  for  8 hours  showed  weight  loss  in  tho 
survivors  up  to  20  days  following  exposure.  High  mortal  itv  rate  Vi'.is 
ohsorvod  among  tho  treated  animals.  Death  occurred  as  a result  of  anoxi.t 
(1).  Mortalitv  and  weight  loss  produced  hv  NO,, 

and  timo  related  in  rats  and  rahhits  (1).  No  toxic  effects  woro  soon  in 
rats  exposed  for  h and  IS  minutes  to  7A  ;ind  ')  1 ppm  of  NO.,,  respect  ivolv 
(1). 


Piilmon.iry  Kffects 

riilmonar^  Function.  Ttn'  offoct  of  short  form  exposure  to  NO,,  on 
pulmonary  function  has  been  i nves  t i p.a  t eO  in  the  guinea  pig  (.101,  monkey 
( 1 81  anO  rabhit  (111.  The  pninea  pigs  showeil  an  increasi'  in  r>’spiratorv 
rate  anil  a decrease  in  tidal  volumt'  after  '♦  hours  of  exposure  to  S.?  ppm 
or  ? hours  of  exposure  to  6.2  ppm  of  NO,,  (101.  Similar  observations 
were  made  on  monkeys  exposed  for  2 hours  to  28  my,/m  (IS  ppml  of  NO,, 

(I8l.  Tliese  abnormalities  were  reversible  and  exposures  to  lesser 
concentrations  did  not  disrupt  functional  activities.  I’ulmonarv 
diffusing;  capacity  was  reduced  in  rabbits  exposed  to  Sb  mp./m  ( !('  ppml 
for  1 S mi  nut  es  (Ml. 

In  humans,  NO,,  exposure  at  1.12-1,76  my 'm  (0. 7-2.0  ppml  resulted 
in  increaseil  respiratory  and  expiratory  flow  resistance  and  alveolar  - 
arterial  pO,,  gradient  and  a decrease  in  com(>Iiance  and  s i ny  I e-brea  t h 
d i f fus i ny  capac i ty  (121. 

I’atholojtic  changes.  Kleinerman  and  Wriyht  (111  exposed  rats, 
rabbits,  and  ,v,uinea  piys  to  a sinyle  h i yh  dose  (rabbits,  100  ppm;  i-ats 
and  yn i nea  piys  to  80  ppml  or  a low  dose  (rabbits  2S  ppm;  rats  and  yuinea 
piys  11  to  20  ppm),  all  f<>r  ?-}}our  periods.  Following  exposure  the 
animals  wt're  sacrificed  at  I,  2,  4,  7,  14  and  21  davs  and  I lie  liinys 
examined  h i st o 1 oy i ca  1 1 y . A moderate  deyree  of  pulmonary  edema, 
epithelial  deyeneration  and  i n f 1 aimnat or v exudate  in  the  reyion  ol  the 
respiratory  bronchioles  were  observed  at  24  hours.  bv  the  4th  day 
macrophaye  infiltration  and  intense  epithelial  deyeneration  was 
observed.  Repair  was  almost  complete  bv  the  2nd  week,  as  evidenced  bv 
disappearance  of  amorphous  cellular  debris  and  fibrin  and  hea 1 I ny  ot 
injured  cells,  despite  continued  exposure.  This  snyyested  a development 
of  tolerance. 

With  acute  exposure  to  low  concentrations  (0.1  pi'm  for  4 hours  or  1.0 
ppm  for  I hourl  of  NO,,  rats  sustained  reversible  luny  tissue  chanyes 
(111.  In  tissues  of  animals  sacrificed  immediately  alter  exposure  the 


m;ist  cells  were  riiptured  ami  tl  i sor  ienteil  ami  showed  loss  of  cy  t opl  asmi  c 
gramiles.  This  occurred  primarily  in  the  pleura,  bronchi  and  su  r round  i nj; 


tissues  but  most  inarkedlv  in  the  med  i a-st  i num.  This  response  seemi'd 
reversible  in  animals  sacrificed  2-'*  and  27  hours  after  exposure,  sinci- 
there  were  smaller  numbers  of  ruptured  mast  cells  in  animals  sacrificed 
at  these  times.  The  authors  consiilered  that  tlie  release  of  jjramilar 
material  from  the  lun;;  mast  cells  in  response  to  NO,,  inhalat  ion 
signified  the  potential  onset  of  an  acute  inflammatory  reaction. 

Guinea  pigs  and  rats  exposed  to  123  mg/m  of  NO.,  for  8 hours 
allowed  hemorrhagic  and  edematous  lungs.  H i sto logi ca I 1 v , the  lungs  were 
not  much  different  from  the  controls  (3). 

Kleven  beagle  dogs  were  exposed  to  NO,,  at  concentrations  of  3-16 
ppm  for  1 hour.  Two  control  animals  wi're  air  ventilated  for  1 hour. 
Exposure  to  7-16  ppm  NO,,  was  freguentlv  associated  with  acute  pulmonarv 
edema  within  60  minutes,  and  the  mean  drv  weight/wet  weight  ratio  was 
12.9  in  the  animals  (control  ratio  was  18.2).  01 t ra s t rue t ura 1 

examination  reveaUnl  damaged  cell  membranes,  swelling  of  mitochondria  in 
alveolar  cells  with  loss  of  pinocytic  vesicles  and  swelling  of 
endothelial  cells  (3-12  ppm  NO,,  for  1 hourl . The  inner  membranes  and 
cristae  of  mi  tochrouilr  i a disappeared,  and  blebs  appeared  in  <'ndothelial 
cells  reducing  capillary  lumina.  1 nt ra-a 1 veo 1 ar  edema  examined  bv  light 
microscopy  was  associateil  with  impaired  surfactant  activity  and  liuig, 
compliance.  Exposun'  of  S ppm  or  mori-  resulteil  in  decreased  la-coverv  of 
saturated  lecithin  from  lung  lavage  (231. 

Pulmonarv  changes  in  five  species  (mice,  .guinea  pigs,  rabbits  and 
dogsl,  exposed  to  S-230  ppm  of  NO,,  for  3-1440  minutes  was  stuilied  by 
Hines  et  al.  (2l,  Fifty  parts  per  million  was  a critical  concentration; 
below  this  value  mortality  ran'lv  occurreil  with  exposuri's  up  to  8 hours. 
The  pathologic  changes  in  the  lung  developed  sequentially  with  gradin.g  of 
edema,  congestion,  i nti'rst i t i al  irritation  bronchiolitis  ami  interstitial 
fibrosis.  TIu'se  changes  persisted  in  some  animals  for  periods  up  to  to  6 
months.  Toxic  responses  were  st'parateil  into  four  clinical  and  patholiigic 
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I'ntitit's:  aoiti’  asphyxia,  soconiiary  to  1 ar  I oiloma  aiii)  spasm:  aciitf 

piilmoiiarv  luiij;  oilonia,  lironch  i o 1 i t i s ami  pniMimonia;  anil  pormaiu'nt  , non- 
inoapao  i t at  i 11JX  rosidiio  in  t ho  Inny,.  Thosi'  fimlinp  wt’ro  ossontiallv  in 
a>tri'omont  with  an>.l  oonlinn  thoso  of  Carson  ot  al.  (1^  anil  Kloinorman  anil 
Wright  ( V?  ^ . 

Twolvo  ilogs  worn  anos  t ho  t i zoil  anil  oxposoil  to  0.1  NO,,  in  0,,  or 
0.‘i%  iinil  i I II  toil  NO,,.  Throo  ilogs  rooovoroil:  anJ  ono  ilog  was  k i 1 I oil  at  ?4 
hours  anil  2 Oogs  at  48  hours.  Tho  lungs  woro  oxaminoil  for 
histopathologic  changos.  Tho  changes  woro  focal,  including  oiloma, 
hyper  i n f 1 a t i on , hemorrhage,  ile si] uama t i on  of  mucosa  and  h ronchopnoumon  i a . 
Tho  severity  of  tho  lesions  was  proportional  to  tho  duration  and 
concentration  of  NO,,  (18'). 

Primary  lesions  appeared  in  lung  alveoli  of  squirrel  monkovs  exposed 

tor  2 hours  to  18.8-04.0  mg/m  (lO-SO  ppm^  NO,,.  Progressive  alveolar 

expansion  occurred  with  increasing  concentrations  of  NO,,.  At  18,8 
1 

mg/m  (10  ppm1  NO,,,  many  septal  breaks  appeared  and  the  alveoli 

expanded  markedly.  In  some  areas,  large  air  vesicles  with  extremelv  thin 

septal  walls  were  seen.  Other  tissues  appeared  to  be  normal.  At  28.2 

mg/m  (IS  ppm)  NO,,,  alveolar  tissue  was  expand.ed  with  minimal  wall 

thinning  and  patchy  interstitial  infiltration  with  Ivmphocytes.  The 

bronchioles  were  normal.  At  AS. 8 mg,hti'  (IS  ppm\  NO,,  areas  of  the 

lung  were  collapsed  and  alveolar  septa  became  verv  basophilic.  The 

bronchi  were  moderately  inflamed  and  some  showed  epithelial  proliferation 

a 

(18).  Exposure  to  04.0  mg/m  (SO  ppm)  NO,,  resulted  in  extreme 
vesicular  dilatation  or  total  collapse  of  alveoli,  along  with  extensive 
edema  and  lymphocyte  infiltration.  The  bronchi  showed  epithelial  surface 
erosion  and  absence  of  cilia. 

In  other  studies  NO,,  exposure  al  188  and  280  mj', 'm  (I  (10- 1 SO  ppm) 

caused  cessation  of  ciliary  movement  in  rabbit  alveol.tr  epithelium  ( Ui ) . 

inhibition  of  the  rate  of  clearance  of  particles  bv  the  mucociliarv 
1 

apparatus  (700  mg/m  or  420  ppm  for  18  seconds!  (17),  .ind  marked  loss 
of  cilia  from  the  terminal  bronchiolar  surface  (18). 


Vasi'iilnr  Pormoab  i 1 i t v ami  Edema  Formation 


Sherwin  and  Richters  (3*)')  used  tlie  t r i t i nm- 1 abe  1 ed  method  for 
detecting  small  changes  in  pulmonary  capillary  permeability.  They  used 
tr i t i urn- labe 1 ed  serum  to  assess  i nt rab ronch i a 1 protein  leakage,  and  found 
that  mice  exposed  to  0.4  mg/m  (4.0  ppm^  of  NO^  for  14-72  hours 
allowed  transient  increases  in  i ntrabronchi al  radioisotope.  Due  to  the 
preliminarv  nature  of  this  i nvest i gat i on , the  data  cannot  be  used  for 
conclusions  about  edema  formation. 


Studies  with  liuman  volunteers  on  airway  resistance  indicated  acute 

effects  after  l''-4S  minute  exposures  to  NO,,  concentrations  of  2. 8-3. 8 

3 . . 

mg^m  (1. 3-2.0  ppmK  No  airway  resistance  was  observed  at 

3 

concentrations  less  than  2.8  mg/m  (1.3  ppm).  Clianges  in  airway 

resistance  were  reversible.  The  fatal  level  for  humans  is  282  mg^m 

(130  ppm)  and  above.  These  high  concent  rat i ons  caused  pulmonarv  edema  or 

bronchiolitis  fibrosa  obliterans  that  resulted  in  death.  Lower  concen- 

3 

trations  (47  and  140  mg/m  ; 23  and  73  ppm)  produced  pneumonia  and 
bronchitis,  which  were  reversible.  Permanent  sequelae,  resulting  from 
acute  exposure,  were  not  found  in  the  follow-up  reports  (32). 

Liver  cells.  Pac€>  et  al.  (40)  exposed  strain  L,  mouse  liver  cells 
and  HeLa  cells  to  various  concentrations  of  NO,,  and  found  that 
proliferation  was  retarded  at  8600  ppm  and  4100  ppm  NO,,.  At  2400  pi^m, 

I 

proliferation  was  retarded  in  a majority  of  strain  L cultures,  but  in  one 
strain  there  appeared  to  be  actual  stimulation.  At  lower  conent ra t i ons 
(1300  and  800  ppm)  no  adverse  effects  were  observed;  in  fact  at  times 
there  appeared  to  be  increased  proliferation.  At  10  ppm  of  NO,,  ,, 

single  8 hour  exposure,  or  two  to  three  8 hour  exposures  on  separate 
davs,  the  final  cell  population  in  the  experimental  groups  exceeded  those 
of  the  control  groups.  At  the  same  time,  the  total  number  of  dead  cells 
in  the  experimental  groups  was  33-.402  greater.  It  appears  therefore  that 
NO,,  had  a slight  stimulatory  effect 
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concomitant  witti  a cytoxic  offoct.  This  reiincod  tho  mimhor  of  viahlo 
cells  in  the  cultures  exposed  to  10  ppm  NO^  to  below  that  found  in 
control  cultures.  The  net  result  was  cell  growth  inhibition,  wli  i ch 
increased  with  the  duration  of  exposure  (401. 

Liver  tissue  of  squirrel  monkeys  given  (’-hour  exposures  to  NO.,  w»'re 

damaged  in  proportion  to  the  dose.  At  28.?  mg^m  (IS  ppml . cells 

ballooned  and  developed  a clear  cvtoplasm  with  displaced  nuclei  and 

T 

congested  interstitial  spaces.  At  04  mg 'm  (’’0  ppml,  the  lymphocytes 
infiltrated  liver  tissue  and  there  was  centrolobular  necrosis  (181. 

Kidney . Exposure  of  rats  to  low  concent  rat  i ons  of  NO.,  (00,  72  ppml 

for  IS  and  f>0  minutes  did  not  affect  the  kidney  to  body  wi'ight  ratio 

q 

(11.  In  the  squirrel  monkey,  2-hour  exposure  to  6'^.  8 mg/m  (I’’  ppml 

q 

NO.,  produced  swollen  renal  glomerular  tufts  and  at  04  mg 'm  (SO  ppm\ 
there  was  edema  and  lymphocyte  infiltration  (181. 

Heart . In  the  squirrel  monkey  2 hours  of  exposure  to  NO,,  produced 

/ . . ...  “ 1 
cardiac  lesions  comprised  of  interstitial  fibrosis  (fiS.S  mg 'm  ( 3S 

q 

ppmll  and  edema  (04  mg.'m  (SO  ppml  (1811. 

In  a series  of  experiments  with  healthy  male  volunteers  (20-1S  years 

q 

of  agel,  individuals  were  exposed  to  0.22S-S6.8  mg 'm  (0.12-30.2  ppml 
of  NO.,  and  the  olfactory  threshold  measured  under  various  conditions. 

"3 

.At  0.22S  mg/m  (0.12  ppml  of  NO.,,  only  a few  subjects  responded  to 
the  odor. 

Eye  and  Nose.  Fifteen  rats,  IS  guinea  pigs,  3 rabbits,  3 monkeys  .iiid 

q 

2 dogs  were  exposed  for  8 hours  to  123  mg^m  of  NO.,.  Signs  of  eve 
and  nose  irritation  were  noted  during  the  hours  of  exposure.  At  tlie  end 
of  the  8-hour  exposure  period,  the  rabbits'  eves  showed  signs  of  corneal 
opacity  (at  8 hours  post-exposurel  although  still  reactive  to  light.  The 
op.u  itv  was  persistent  during  the  20-dav  post-exposure  observation  period 
(31.  Exposure  at  lower  doses  (^0,  72  ppml  for  shorter  periods  (IS  ami  bO 
mini  resulted  in  eve  irritation  and  respiratory  distress  in  rats,  lasting 
over  a period  of  2 days,  but  there  were  no  deaths  (ll. 


Stiulios  on  hiimnn  volnntoors  show  that  NO.,  odor  is  pori-t’ i vah  I o at 

t 

ooiiont  rat  i ons  of  0.23  (0.12  ppm^,  wh  i 1 o chanj;os  in  dark 

adaptation  occur  at  0.I4-0.S  mjx/tn  (0.073-0.26  ppmK  Those  response's 
were  not  accompanied  by  pathological  effects  and  were  in  all  cases 
immediately  reversible  (28.  40. 

*1.  tlvtologj^c  and  Cy  togene t i c E f fee t s 


No  reports  were  found  on  the  effects  of  NO.,  on  mitosis  and 
chromosomes . 

10.  M^Oi^iilar  Effects 

Structural  Proteins.  Nitrogen  dioxide  can  alter  the  configuration  of 

lung  proteins,  collagen  and  elastin  (420  Rabbits  were  exposed  to  l.d 

3 .3 

mg  ■'m  (I  ppml  (1  rabbit^  or  6.4  mg 'm  (3  ppm)  (2  rabbits^  for  1 

hour.  Fvnir  animals  served  as  controls.  All  animals  were  killed 

3 

immediately  after  exposure,  except  one  receiving  6.4  mg 'm  (S  ppm' 
which  was  sacrificed  at  24  hours  after  expostire.  3’he  lungs  were  excised, 
and  converted  to  a lipid-free  powder  from  which  collagi'U  and  elastin  were 
extracteil.  Oifferential  ultraviolet  spect  rophotometrv  indicateil  that  the 
molecvilar  structures  of  both  collagen  and  elastin  were  altered  in  both 
exposure  groups.  These  alterations  were  reversible  within  24  hours.  The 
authors  suggested  that  the  metabolic  activity  of  the  lung  tissue  was 
reduceil  in  the  highly  acidic  environnu'iit  produceil  bv  I’xposure  to  NO., 
and  speculated  that  repeated  exposun'  tv’  NO.,,  with  cinicurr<>nt  repeated 
denaturation  of  elastin  and  collagen,  mav  be  a factor  in  the  etiology  of 
pu 1 monar v emphysema . 

11.  Re{>r^oduct  i ve  and  Teratogt'nic  Effects 

No  reports  wen'  found  on  the  effects  of  NO.,  on  n'production  in  the 
adult  experimental  animal,  nor  was  anv  information  found  on  its  effect  on 
the  fetus. 
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12.  Metabolism 


The  few  studies  on  inhaled  NO^  indicate  that  it  is  probably 
distributed  throughout  the  lung  and  that  a high  percentage  of  it  is 
absorbed  (43,  44).  Von  Nieding  (43)  and  his  co-workers  exposed 
volunteers  to  NO^  and  analyzed  the  gas  concentration  in  exhaled  air  to 
determine  the  extent  of  absorption.  The  results  indicated  tliat  81-87^  of 
exhaled  nitrogen  is  absorbed  during  normal  ventilation  and  that  more  than 
90%  is  absorbed  during  periods  of  maximum  ventilation. 

Ichioka  (43)  designed  a model  airway  to  simulate  the  dvna.iiic  behavior 

3 

of  NO.,  within  the  respiratory  system.  Wlien  NO.,  at  9.4  mg^m'  (S.O 
ppm)  flowed  through  the  model,  most  of  the  pollutants  penetrated  tlie  more 
distal  regions.  More  exacting  studies  of  intrapulmonary  distribution  and 
absorption,  such  as  those  available  for  SO.,,  have  not  been  performed 
with  NO,. 

14  . 14 

The  effects  of  NO,  on  CO.,  production  from  C-labeled 

substrates  was  studied  by  Vassallo  et  al.  (25).  The  results  indicated 

that  NO,  in  high  concentrations  (10  mM  or  higher)  increases  glucose  and 

pyruvate  oxidation  in  resting  alveolar  macrophages.  These  effects  are 

present  also  in  phagocytosing  alveolar  macrophages  except  for  comparable 
14  .14 

CO,  production  rates  from  C-6-glucose  in  alveolar  macrophages 
during  phagocytosis  in  the  presence  or  absence  of  NO,.  Since  ingestion  ^ 

rates  were  impaired  by  these  concentrations  of  NO,,  even  the  similar 

14  .14  . " . 

CO,  production  from  C-6-glucose  could  still  represent  stimu- 
lation of  glucose  oxidation  by  NO,.  These  effects  on  glucose  were  not 

persistent,  as  evidenced  from  the  lack  of  stimulation  of  ^'^CO 

14  14 

production  from  either  C-l-glucose  or  C-6-glucose  when  the 
labeled  precursors  were  added  90  minutes  after  NO,  (10  mM) . The 
mechanisms  of  these  actions  are  not  known.  It  was  hypothesized  that  the 
oxidation  of  the  pyridine  nucleotides  regulates  the  pentose  shunt  and 
glycolytic  pathway. 

I 
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1 3 . Care inogenes i s | 


No  reports  were  found  on  the  acute  carcinogenic  effects  of  NO.^  in  i 

experimental  animals  and  humans. 
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11.  SUBCHRONIC  TO.XrCtTY  ( Slior ( - ( .-vin  t.'stsl 
t.  Hom.T t o 1 oy i c Effect^ 

Loiicocyto.s  counts.  Sto.iilm.ni  ot  .t1  . (3)  exposed  rats,  gnine.i  pigs. 

3 

rahhits,  dogs  and  monkevs  to  67  mg/m  of  NO,,  for  8 lionrs/dav,  3 

days 'week  for  30  exposures.  Tliere  was  no  difference  in  tlie  leucocyte 

count s between  treated  and  control  animals  at  the  end  of  the  experiment. 

A similar  observation  was  made  on  the  same  S species  exposed  continuous! v 
(24  hours/dayl  for  PO  days  to  lower  NO,,  concent  ra  t i ons  (O.P,  1.0,  P.2, 
21.3  and  21.6  mg/m  (31. 

Hemoglobl in.  Steadman  et  al.  (Jl  also  determined  hemoglobin  and 
hematocrit  levels  in  the  blood  under  the  circumstances  described  above 
and  found  no  difference  between  control  and  treated  animals. 

Polycythemia.  Freeman  et  al.  (43)  found  polyevthemia  in  rats  allowed 

3 

to  breathe  3.8  mg/’m'  (2  ppm)  NO,,  or  more  cent  i nuous  I v . The 

concentration  of  the  erythrocytes  rose  within  2-3  weeks  and  achieved 

levels  which  were  40-100%  above  baseline  values.  After  some  delav,  both 

hematocrit  and  hemoglobin  level  rose,  but  to  a lesser  degree  so  that  the 

fully  developed  polycythemia  was  characterized  hv  a reduction  in  mean  and 

corpuscular  volume,  mean  corpuscular  hemoglobin  and  mean  corpuscular 

hemoglobin  concentration.  The  cellular  diameters  were  normal.  The  blood 

3 

of  monkevs  (M.  spec i os a)  exposed  to  3.8  and  16.P  mg/m'  (2  and  P ppm) 

NO,,  followed  a similar  course  (44.  43). 

Methemoglobin  (Mellb).  Mellb  appeared  in  the  blood  of  rabbit  and  rats 

exposed  to  fumes  produced  in  the  electric  arc  welding  process  (46).  Rats 

exposed  for  6 hours/day  3 days/week  for  43  days  to  fumes  containing  4''.! 

3 

mg^m’  (24  ppm)  NO,,  developed  4.3  to  21.7%  Mellb  (mean  of  13.6%). 

Detectable  levels  were  still  present  on  the  I 1 th  dav  of  the  post-exposure 
period.  Rabbits  similarly  exposed  for  43  davs  formed  an  average  of  2.8% 
MeHb  (range  O.P-4.3%).  On  the  6th  day  of  post-exposure  period, 
detectable  amounts  remained  in  male  rabbits  on  1 v . 
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Malt'  rats  I’xposi'ii  to  rV2  'm  (70  ppm)  NO.,  lor  6 hours 'Oav 
torm<‘il  MoHb  at  tor  tho  first  Oav  of  oxposiiro  and  3%  hy  tho  3rd  day. 

Ihroo  days  altor  .'xpos\iro.  th<’  lovols  woro  witliin  tlio  control  range.  In 
those  oxporimonts,  it  was  ostimati'd  that  hotwoon  12-17X  of  tho  nitrous 
fumos  existed  as  NO  i U''. 

r* . Bono  Marrow  Changes 

Ni'  reports  wt’re  fviunvl  which  shi^woi*  the  e t t iv  t s oj  Nt’ , • 

Sone  marr.'w  ot  >'xper  iment  a I animals  or  humans. 

3.  Immunologic  K fleets 

Female  guinea  pigs  (17-18  animals’'  wei«'  expo-^i'd  to  aO  and  '0  ppm  of 
nitrogen  dioxidt'.  Thirty  minutes  later  thev  were  expost’d  to  aerosolized 
antigen  tor  minutes.  This  treatment  was  repeateil  8-7  timt-s  at 
intervi's  '1  i tew  davs.  or  every  day  to  avoid  systemic  anap'iy  tax  i s . 

Hlov'd  was  drawn  ’ w.-.'lv.,  it'ei  t’le  last  inhalat  ion  of  the  antigen.  The 
hemagg  1 VI  t i na ! ■ on  t ■ a p • cut  an.-o  as  inap'iv'avis  test  and  a 

rad  i o immimod  ' t t us  on  tnit  wet.'  us.-,  t ■ ev  vmi  -•  • ui.-logi.  .-fleets, 

Imini’d  i .1 1 e 1 V .tit.-r  t 't.-  -th  i n'l.v  ’ .i  • i .-e  -•  ; 'i,-  .i,.o-;-'  ' in’-.-i’-i.  .i  s.-v.-r-' 

,tna  p'lv  1 .tc  t i c re.iction  o.curi.-d  i -i  rut  ae.i  :',.-s  .-sp.--  ' - • ' i-nm  * 

nitrvtgv-n  dioxide  hut  not  with  *0  pj-m.  It  w.is  .-.-n  ' t'  ;;  rt  •' 

minute  pre-expi-s urv-  to  '0  ppm  ot  nitrogen  dt.-vi  *>■  .-'ih  vn.  .-d  s.-v  • ;• 

via  the  ai-'ways  in  th.-  guinea  pigs  (u'K 

tt  has  been  demi-nst  rated  that  exposure  to  low  concent  r,i  t i ons  .-t  NO, 
revluces  the  resistance  of  several  laboratory  animals  to  bact.-rial 
infectiian  (see  acute  studies!.  This  reduced  resistance  is  reflected  in 
the  increased  mortality  rate,  reduced  life  span,  and  revluced  ability  to 
clean  viable  bacteria  from  the  lungs.  Mice  challenged  with  mouse-adapted 
type  influenr.a  virus  strain  PR  8 2 hours  after  intermittent  exposvire 

X 

to  10  ppm  NO,,  2 hi'nir-'dav  fvvr  3 iir  3 davs  or  after  cv-nt  i nu.ius 

v-xpcvsiire  tvi  0. 3-1,0  ppm  (NO.,)  fi-r  30  davs,  showt-vl  inerv-ased  mv'rtalitv, 
and  interstitial  pneumonia  (48). 


Contra  1 Nervous  Svstom  (CNS)  Effects 


No  reports  were  found  on  siibchronic  effects  of  NO,,  in  experimental 
animals  or  luimans. 

1.  Behavioral  Effects 

No  reports  were  found  on  suhchronic  effects  of  NO,,  in  experimental 
•jnimals  or  humans. 


’ • V • 


t S 


No  ! •'  I’o"  t ‘ . • • r - • \|'  , n 

experimental  anim.iN  ,v  ma". 

7.  Biochemical  and  H i s tochemi ca 1 Changes 

l.uiT£.  Studies  of  alteration  in  enzc-me  activity  levels  in  lung  tissue 
resulting  f ri’m  inhalation  of  NO,,  have  shown  that  these  changes  tend  to 
appear  earlv  and  mav  precede  clinical  signs.  Buckley  and  Balchum  (28. 

■*S , sol;  exposi'd  male  guinea  pi,k’.s  ('0  animals'  continuously  for  up  to  6 
weeks  to  10  and  is  ppm  of  NO,.  The  animals  wero  killed  at  various  tine 
during  the  experiment  ( 2h-a2  ilavs'  and  their  lunc,s  assayed  for  1 ac  t i c 
dehvdrogenase  (LOll),  and  aldolase  activities.  Ther.'  was  a consisti-nt 
elevation  of  LOH  activity  in  the  lung  tissue  throughout  the  experiment, 
where.is  ,i!dolase  activitv  was  s i gn  i f i can  1 1 v elevated  at  ' vlavs  and 
cni';  antlv  reduced  after  2b  davs  of  exposure. 

R.?r  ..  wi'-  ■ ex;-  - e.'  to  '.d  ppm  NO.  tot  a hours  da  i 1 v during  a 6-day 
P'T  od . I'oTitto'-.  w.  -e  * o*  1-.  t ' nh  I * ■*  .im‘' ' e’lt  air.  The  .anim.tls  wert"* 
sacriticed  nne.' I it I v itv-i  ex;'-  > • in.'  it  vii  ,'n  s t'mt's  thi'reafter 
The  livers  were  removed  .in'  the  n t,'  hoed'  it  >.  - • e,  ■ ; t i t 1 1 ed  t 

lipid  perv'x  i da  t i ve  changes.  T'le  ehim-e  , -e.i, 'i.-'  i>,.  it  \ i’  i,  S.;,.  .n 

24-48  hours  after  exposure  ( 'i'. 


Blooil.  In  a pre  1 imi  iiar  y tost,  4 gninoa  pigs  wore  oxposod  to  0.16  ppm 
NO.,  oont  i nnoiis  1 y for  I wook  to  dotormino  tho  offoct  on  D-2, 

3-d i phosphog 1 ycora to  (2.  3-OPGl  contont  of  rod  blood  colls.  Rosults 
showod  a significant  incroaso  (p  loss  than  O.OS)  for  exposed  animals  as 
compared  with  nonoxposod  controls  (4  animals)  (SI). 

Ripporton  and  Johnston  ( S2 ) exposed  weanling  rats  continnonslv  and 
dvnamicallv  to  concent  rat  i ons  of  NO.,  of  O.S  ppm  and  less  for  2.4, S and 
6 weeks  (8.  7,  11  and  20  rats,  respectively).  At  the  time  of  sacrifice, 
h Kx’d  catalase  concentrations  were  measured.  The  catalase  activitv  in 
the  blood  was  decreased  at  all  times  with  the  decrease  being 
statistically  significant  for  the  Sth  and  6th  week.  .Assay  of  glutamic 
acid  and  aspartic  acid  did  not  show  significant  differences  between  mean 
control  and  experimental  values  for  glutamic  acid,  but  for  aspartic  acid 
the  difference  between  the  mean  values  of  the  two  groups  was 
■it  It  i s t i ca  ’ 1 V significant  . 
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aldolase  activity  levels  showing  increase  with  exposure,  while  QO , data 
wt're  variable. 

Kidnev.  Kidn.'vs  f ri'm  guinea  pigs  exposed  to  10  and  I''  ppm  of  NO,, 
t .'t  v.i  r V I 1C  p,”  i od  < of  time  i "'i'  ,lavs-10  wet’ksl  showed  elev.ated  QO,  and 
'***  1.  ' . t\  w:  t ••  '.'o'  s,>  .activitv  w.i-i  ,'ecreased  s i gn  i f i cant  1 v 

t>  •.  ' I I ,p,>.  ..  ,0^  ^0'. 

8plc  n. 

s 1 gn  1 1 I c ,!  t 1.  . ■ • . 

in  the  spleen  28'. 
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iUnly  Wii^>_£l'l  ^ Tissuos^  niK)  Or^nns 

• K.ifs,  ^^iiiiii'.-i  pi^'s,  itoy^s , r.ibbits  .-iiul  moiik<'vs  wi'ro 
I'xposod  to  NO,,  nt  67  m>;/m  for  8 hotirs/Oav,  6 ilavs/wook  for  a total 
of  10  oxposiiros.  All  animals  I'xhibiti'O  varvinp  il<>j;roos  of  l<'tliar>ty  and 
ilvspnoa.  Tlu’  monkovs  woro  most  snscoptiblo  and  tho  mortality  rat<'  amonp, 
all  spooios  was  b i j;b . Tbo  body  woip.bl  gains  in  surviving  animals  in  all 
spooii's  did  not  diffor  significantly  from  tlioso  of  controls.  A similar 
obsiMvation  was  made  on  tho  samt'  five  spocios  oxpos<'<l  cont  i niioiis  1 y (74 
hours /day  for  00  davsl  to  NO,,  concentrations  of  0.0,  1.0.  o.a  21.1  and 
21  .6  mg/m  1 ('ll  or  to  O.S  ppm  .iiul  loss  (r.itl  for  2.  4,  4 anil  b wooks 
(24  honr/dayl  (421. 

Pn 1 mona r V K f foe  t s 

Pathologic  (Ihang^os.  Kloinorman  and  Wright  ( 'VI 1 exposed  rats,  rabbits 
and  guinea  pigs  to  14-24  ppm  of  NO.,  for  2-hoiir  periods  for  4 successive 
days.  The  animals  were  sacrifici'd  at  1-21  day  intervals  after  the  last 
exposure  and  the  lungs  ex.imi  ni'd  h i s t o 1 eg  i oa  1 I v . Kdi'ma  .and  inflammation 
were  less  severe  in  the  early  stage,  but  peribronchial  and  per  i vascu  1 .ar 
chronic  inflammation  were  very  markeil  in  the  rat  and  giiint'.a  pig. 
Kpithelial  regeneration  was  not  prominent  and  repair  w.as  almost  complete 
by  7 days  post -exposure  , but  tr.aces  of  i n f 1 aiimiat  i on  persisted. 

In  another  study  hamsters  were  exposed  to  NO,,  coni  inuouslv  for  10 

2 

weeks  at  NO,,  concent  r.at  i on  of  84-101  mg/m  (44-4'i  ppml  for  21-2  1 
hours  daily  (411.  At  the  end  of  the  I'xposure  period,  animals  were 
s.iiiificed  and  the  lungs  removed  .and  ex.ami  ned  h i s t o I eg  i c.a  1 I y . Vontrol 
inim.ils  were  exposed  to  .air  without  .addition  of  NO,,  aiul  sacrificed 
«.  lor.llng  to  the  s.ame  schedule  .as  the  experimental  animals.  The  tissues 
■ ' ' lu'  \0 , exposed  .animal  did  not  show  emphysematous  changes;  however. 

■ • ' .1  s t i . hypertrophic  changes  and  desqu.am.at  i on  of  epithelial  cells 

tv.-.l. 
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All  11 1 f r.'ist  nil' t iir.l  1 i]ii.iiil  It.il  i vi-  si  mlv  ot  I tn‘  luiij-s  I'l  1.’  y.uiin'.i  pi^’.s 
I’xposi'il  i-ont  iiuioiislv  1 1’  10  pi'iii  <>(  NO.,  I «'r  ('  wi'fks  .niil  S i-unlii'l  Imip.s 
rcvi'.iloO  i lu- ri'ii  Si'll  r.itii'  I'l  t vpi'  ? piiriiiiiiu-v(  t's  to  olhor  oolls  in  I ho 
oxposi'il  pfoiip.  Tho  1 i ml  i lips  , ilorivoil  I rum  lOA  oloitron  mi  orophot  opr.iphs 
i till  i on  t Oil  t h i okoii  i lip  ol  h I ooil  pns  h.irrior  Ihioiiph  ii’ii  I noomoiit  of 

ultialhiii  t vpo  1 oo  1 I s hv  oiihoiilnl  or  oolumnnr  t vpo  ? pnonmoo  v t os . Tho 

limps  ol  tho  oxposoil  niiimnls  nlso  oxhihitoil  moro  t roiinoiil  i iil  rnoo  I 1 ii  1 nr 
■ Hill  ox t rnoo  I 1 u I nr  lipiil  hoJios  ( ‘'•i  V 

Rnts,  rnhhits,  pu  i non  pips.  Oops  niiil  monkovs  oxposoil  to  (i7  iiip/iii  of 

N(V,  for  S hours /ilnv  “i  ilnvs/wook  for  n totnl  ol  '0  oxposiiros  showoO 

v.isoiilnr  oonp.ostion  niiil  foonl  lioiiiorrhnpo  in  tho  limps.  This  wns  nlso 
si’oii  in  ooiitrols  hut  to  .i  lossor  Joproo  .iml  iiinv  hnvo  boon  in  part  iliio  to 
toriiiiii.il  .'inoxi.i  ( ll.  No  nilvorso  o I f oo  t s woro  soon  with  lowor  ilosos  ol 
NO,  t tl . 0 , 1.0,  0..’,  I . I niiil  1 . (i  mp/m  I on  nnv  ot  tho  nhovo  f i vo 

spooios  lollowinp  oontiniioiis  oxposiiro  ( llu  hours/ilnv  for  0(1  O.ivs^  ( H. 


Hniiistor  niiil  pu  i non  pips  oxposoil  to  NO.,  for  hours /ilnv,  h ikivs 'wook 
for  1 oonsooutivo  ilnvs  at  'i  I inp  hii  ppiiO  ooiioontrnt  ion  ilovolopoil 

mult  iloo.il  t vpo  ot  omphvsoiiin  11  months  or  moro  1 rom  initiation  ot 
oxposuro  ( pu  i no.i  pip.s^  An  ultrnslriutur.il  st  lulv  of  tho  limp  ot  I'.' 

pu  i no.i  pips  oxposoil  oont  inuoiislv  to  18.8  iii)’.  hii  f 10  ppml  for  h wooks 
showoil  pro.it  inoronso  in  t v|io  11  pnoiiitioov  t os , prosiutinhlv  rosultiiip  1 rom 
hvpor  p 1 .IS  i ,1  ( SA  1 . 


Oioril.ino  niul  Marrow  (’'(’1  stmlioil  tho  o t oo  t ot  N(' , on  tho 
miiooo  i 1 i .irv  olonrinp  rnto  in  ,ino  st  liot  i /oil  rnts  .ittor  ,i  (i-wook  oxposuro  to 
' .It  "first  oilpo  timo"  niul  a "'.'0'’,.  tr.insport  timo".  Kxposuro  to  It.' 
mp  hn  ( ti  (ipiiO  proiluooit  a sipnitionnt  inhibition  ot  t lio  muooo  i 1 i nr  v 
olonrnnoo  moohnn  i sm . This  ilooro'nso  in  muooo  i 1 i .irv  no  t i v i t v w.is  not 
.loooiiip.in  i Oil  bv  .mv  obsor  v.il' 1 o nbnormnlitv  ot  tho  nirwnvs.  Tho  authors 
•siipp.ost  Oil  th.it  tho  point  ot  intornotion  bolwoon  NlT,  .mil  tho  muooo  i 1 i .irv 
nppnr. lilts  inipht  bo  tho  onorp.v  soiiii'o  ol  tho  oilin.  This  possibilitv  wns 


out  tiv  I'xpiM' inu'Ut  s wl\  i oh  ‘ihowiul  that  NO,,  oan  a I I oo  t luu>', 
lu'inogt'uat  o oiizviiu's  liukuil  to  ATT  t'onnatiin>  (-thl.  Otlu’r  possihlo 
foaotiou!5  a t't'oo  t i uy,  tho  muons  aro  thi'Si-  wliioh  moO  i t v t ho  oioss  I i nk  i uy  ol 
polvmor  ol\a  i us  that  altoot  tho  visoositv  ol  tho  muous  (‘'7K 


Miv'i'  aro  mi’r<'  susv't' pt  i h 1 o ti’  t hi'  toxio  o I I oo  t s ol  NO,  than  rats, 
t'outiuuous  oxposuro  to  NO,  at  O.hA  my  hii  (O.S  ppm^  tor  ' mouths 
oausoil  loss  ot  oilia,  alvoolar  oo  1 1 ilisruptiou  au>!  rospiratoiv 
hrouohiolar  ohstiuotiou  (*'8^.  l.ouyor  oxposuros  rosult  iu  moro  sovoro 
hrouohiolar  i u 1 1 amma  t i on , puoumouitis  auil  iuoroasoil  alvoolar  surlaoo, 
sooouilarv  to  alvoolar  oxpausiou  ralhor  than  soptal  hroakayo  (‘'hi. 


Oout  i uous  oxposuro  tor  I ilavs  to  1.8  my/m  (,?  ppml  NO.,  rosult  oil 
iu  oh.iuyos  iu  tho  tormiual  hrouohiolar  opitholium  ot  lats.  Tho 
opitholium  ohauyoil  t rom  au  aotivo,  i uhoiiu'youooiis  1 i u i uy  lavor  to  an 
uu  i t orm  lavor  ol  oularyoil  oo  1 1 s . This  ohaiiyo  was  turthor  ilooumout  oil  hv 
tho  ilomoust  rat  i ou  ot  ahui'imal  o i I i oyouos  i s . Althouyh  oiliarv  basal 
hoilios  itovolopoit  uoiiiiallv,  t liov  t.tiloil  to  oriont  .ippropr  i at  o 1 v at  tho 
apioal  surtaoos  ot  tho  oo  1 1 s . Thov  oithor  loi  moil  no  oilia  or  Jirooloil 
thorn  i u t rao  v t op  1 a sm  i oa  I 1 V into  vai'uolc’s.  1 u t lao  v t op  I a sm  i o , orvstalloiil 
iuoluslon  hoilii's  also  Oo vo  1 opoil  iu  I i mo  (I’O.  ('1,  h?  1 . 

histal  airwavs  liom  liiuys  ol  hoalthv  (ooutroll  lat  s auO  t rom  rats 
oxpi'Si’il  to  1 I upm  ot  Nt) , l or  ? auO  ? Oavs  woro  Jissootoil  out  aiul 
oxamiuoil  with  a so.inuiuy  t' 1 oo  1 l ou  miorosoopo.  I'hroo  t vpos  ot  hrouohiolai 
opitholial  oo  I I s woro  iOoutilioil  ( t vpo  1.  t vpo  11  aiul  alvoolat  brush 

00  I 1 s 1 . Nor  pho  1 oy  i oa  1 surlaoo  ohauyos  iu  loi'ousi'  to  Ntl  , oxposuro 

1 uo  I iiiloil  loss  ot  oilia  auil  iuoroasoil  uuilormitv  ol  suilaoo  iu  t ho 
tormiual  hrouohioli.  Tho  t vpo  1 oo 1 1 was  suhslaut  iallv  roplaooil  hv 
miorovi  1 1 i -oovoi'oil  oolls,  .aiul  thoro  was  au  iuoroaso  lu  tho  ami'uut  ol 
ilohris  auil  maoroph.iyos  iu  rospouso  to  N(V,  oxposuro  (181. 


Althouyh  patholoyio  ohauyos  iu  tho  luuy  .auil  .ilvool.t’’  opitholium  woro 
soon  iu  .a  m.ajoritv  ot  rat  stiulios,  iu  a low  rats  tho  luuy  tissuos  woro 
not  .allootoil  tolli'wiuy  NlT,  oxposuro  (ll.l  ppm.  '’-'i  hours  Mav  lor  . ■'* , I 
auil  t'  wooksi  (‘'.’1. 


TUTET 


Coll  pro  I i f t'f.i  t i oil  in  tho  p.M' i phot  1 hroiiohiis  oroiirroJ  in  iiiit-o 
oxposoi.1  to  mp,'m  (.O.S-0.8  ppnO  lor  !0--'*S  ilavs  ( h O . Klootri'n 

miorosoopio  oxamination  ot  tho  Inn^s  rovoaloi!  slight  oiliarv  ah- 
norina  1 1 1 i os  , mi  tiiohoiulr  i a 1 dojtonorat  i on  of  olara  anil  alvoolar  rolls  anJ 
Oili'ina tons  ohan).'.os  within  tho  oytoplasiii.  Conn  froo  miot'  oxposoi!  to  7S 
iii>;/m  I -'lO  ppnO  for  fi-8  wooks  ilovolopoil  opitliolial  ahnorma  I i t i os  in  t ho 
hronohial  t roo . Thoso  woro  most  prominont  at  tho  torminal  hronohiolos 
anil  in  tho  alvooli  immoil  i at  o 1 v snrronmling  tho  torminal  hronohiolos 
(64^.  I n f I annna  t i on  anil  oiloma,  anil  oxnilation  ot  wh  i t o hlooil  rolls  woro 
also  ohsorvoil.  Striking  rhanp.os  it'  both  rollaiton  fibrils  anJ  hasomont 
mi'mhranos  woro  rovoaloil  with  tho  olortron  mirrosropo  in  tho  Innrs  ot  rats 
oxposoil  to  17  ppm  of  NO,,  for  0(1  ilav?^’(  ront  innons  oxposnroK  Tho 
oxposoil  animals  showoil  milil  rospiratorv  ilistross  whon  k i I I I’ll  aft  or  I 
months  oxposnro.  In  rontrol  animals  ro  I I ajton  fibrils  niiilorlvinp.  tho 
torminal  bronrhiolo  inrroasoil  in  sizo  with  a);o  anil  appoaroil  stollato  in 
rross-sor  t i on . In  markoil  rontrast,  l-month-oKl  rats  oxposoO  to  17  ppm  of 
NO,,  ilovolopoil  vorv  lar.v.o  fibri's,  up  to  lb  timos  tho  normal  Oiamotor 
(bS>. 

Tho  rollayonir  rhaniios  in  tho  limp  woro  ilotortablo  as  oarlv  as  b Oavs 
followinp  ila  i 1 V oxposnro  of  rabbits  to  O.l’b  ppm  for  21  honrs'ilav. 

Klortron  mirrosropv  of  isolatoil  rollapt'n  showoil  that  somo  ilona  t nra  t i on 
romainoil  7 ilavs  aftor  tho  final  oxposnro  (42^. 

Vascular  I’ormoab  i 1 i t v anil  Kiloma  Formation 

In  ono  n 1 t ra  s t r III- 1 n ra  I st  mly,  oarlv  nlomatons  rh.inpos  orrniroil  within 
alvoolar  opitholial  rolls  anil  alvoolar  intorstitnm  in  miro  that  woro 
oxposoil  to  ront  innons  NO.,  at  0.h4-l.S  mp 'm  (0.b-(1.8  ppml  tor  10  to 
41  ilavs. 


Shorwin  ami  Carlson  ( bb  1 nsoil  thi'  ilisr-pol  o 1 or  t rophoros  i s iiit'thoil  to 
moasnro  i nt rabronrh i a 1 protoin  in  pninoa  pips  that  woro  oxposoJ  tor  a 
wook  to  nitropon  ilioxiilo  at  0.71  mp 'm  (0.4  ppml  . Tho  i r proliminarv 
rt’snlts  showoil  that  protoin  t ransmlat  i on  rosnltoO  1 rom  this  oxposnro. 


L 


I 


I’;Mk  i iison  aiiil  Stoplu'ii  ('58')  oxposiHl  rats  to  I")  ppm  Nl),,  tor  1.  2 ani’ 

7 ilavs,  and  Stoplioii  ot  al.  (tiSl  wlio  oxposovl  rats  to  17  ppm  lor  '50  Jas’s; 
■1  no  pulmonary  oiU'ma  was  ohsorvoO. 


Liver.  Ripperton  anO  Johnston  ( “i?  5 I'xposeJ  we. inline  rats  to  0.‘>  ppm 
or  less  of  N(1,,  eont  i nnons  1 v hours  hlav5  for  ?,  't , S ami  7 weeks  aiul 

ronni.1  no  h i s to  1 opat  ho  1 o>;  i e effect  in  the  livei-s  of  exposeJ  animals. 

0.  Cytologic  anJ  Cytogenetic  Kffects 

I ^ 

The  effects  of  acute  exposun'  to  NO.,  mi  j_n  vivo  alveolar  epithelial 

cells  was  stuJieJ  hv  Kvans  et  al.  (('75.  Rats  wt-re  ''xposeJ  to  IS  ppm 

NO.,  f'lr  -'t8  hours.  Tlu'v  were  then  ri'movi'J  from  the  chambers  atul 

injected  with  tritiated  thymidine  and  killed  at  hourly  intervals 

thert'after  up  to  1?  hours.  Light  autoradiographic  study  of  laheU'd  ci’lls 

iiiilicatt’d  that  type  2 cells  are  stimulated  to  divide.  Tin-  mitosis  is 

normal  with  both  sister  cells  moving  apart  over  the  basement  membrane  at 

anaphase.  Folliiwing  division,  the  evidence  suggests  that  one  or  both 

, type  2 sister  cells  may  transform  into  type  1 cells. 

1 

10.  Molecular  Kffects 

No  reports  were  found  on  the  effects  of  NO,,  on  ONA.  RNA,  and 
protein  synthesis  in  exp>'r  imenta  I animals  or  humans. 

i 

11.  Reproductive  and  Terat open ic_K f fee ^s 

I Sha  1 ambi'r  i dze  anil  Tsereteli  ( b8  5 reported  on  the  effect  of  NO,, 

I tile  reproductive  functions  in  albino  rats  exposed  to  N(1,,  concentrations 

1'  of  25.b  mg/m  da i 1 v for  1 hour/dav  for  J months.  The  exposure  caused 

disturbances  of  the  estrual  cycle  and  had  ;in  adverse  effect  on  genital 
functions.  Kxposure  to  lower  concentrations  under  similar  experimental 
conditions  did  not  result  in  anv  adverse  effects.  No  teratogenic 
• observations  were  reported. 


Ill  iiiiotlu’f  stiiiiv  m.ili'  .nui  fi'm.ilo  ( S iinimnls^  r-its  wi'n'  kopt  Logothor 
vkirinn  tlu'  porioii  of  contimious  oxposnro  to  O.S  ppm  of  NO,,.  Four  otMor 
fom.Tlos  .1 ! I’lig  with  m.ilo.s  wi-i'c  oxposoi)  to  .-imhiont  ,i  i r (controls^  Of  I lio 
l.'ittor  yxroiip , 1 fom.ilo  h.iO  no  littor.  In  terms  of  littorinj;.  n do  1 nv  was 
ohsorvod  in  tlio  oxporimontal  j>roiip  as  compared  to  controls  (no  other 
information  given)  ( ) . This  was  interesting  in  liglit  of  tlie  earlier 
studies  of  Kotin  et  al.  who  ohserveii  a definite  decrease  in  the  ability 
of  mice  to  conceive  after  chronic  exposure  to  air  pollutants  ( ) . 


12.  Metabolism 


Information  on  the  metabolism  of  Nd,,  in  experimental  animals  is 
scarce.  Sherwin  and  l.avfield  (70)  analvzeil  nrinarv  proteins  in  the 
guinea  pig  following  exposure  of  7 animals  to  continuous  O.*!  ppm  NO,,: 

1 animals  for  7 davs  and  4 for  14  davs.  All  treated  animals  had 
consistently  higher  levels  of  urinary  protein  than  control  animals 
( P less  than  0.01).  The  increase  involved  all  ) of  the  major  protein 
groups  demonstrated  bv  the  disc-gel  procedure,  putatively  albumins, 
combiiii’d  alpha-,  beta-globulins  and  gamma-globulins.  The  same  results 
weri'  obtained  with  shorter  exposure  time  (4  hours  .''day ) . Histological 
examination  of  the  kidnev  failed  to  show  anv  overt  abnormalitv. 

IT.  Carcinogenesis 

I to  et  al.  (48^  have  reported  on  the  occurrence  of  adenomatous 
proliferations  of  bronchial  and  bronchiolar  epithelium  in  mice  challenge,! 
with  influenza  virus  after  continuous  exposure  to  Kiw  levels  of  NO,, 
(O.S-1.0  ppm  for  TO  days). 


mi 


Iir.  CHRONIC  TOXICITY  (Long-term  Tests) 


1 . Hematologic  Effects 

Leucocytosis . Lencocytosis  occurred  in  the  peripheral  hlood  of 

3 

rabbits  exposed  to  both  2.5  and  5.6  mg/m  (1.3  and  3.0  ppm)  NO2  for 
15  to  17  weeks,  but  it  receded  with  cessation  of  exposure.  Phagocytic 
activity  was  depressed  and  both  leucocytic  and  phagocytic  alterations 
were  greater  at  the  higher  NO^  exposure  (71). 

Hemoglobin.  Reductions  in  hemoglobin  levels  were  observed  at  9-10 

3 

weeks  exposure  to  2,5  and  5.6  mg/m'  (1.3  and  3.0  ppm)  of  NO^.  This 
condition  was  maintained  until  the  end  of  the  experiment  (15-17  weeks) 
(71).  In  another  sCudv,  dogs  exposed  to  1,  5,  and  25  ppm  of  NO^  dailv 
for  18  months  showed  no  effects  on  the  hemoglobin  or  hematocrit  (72). 

2 . Bone  Marrow  Changes 

No  reports  were  found  on  the  effect  of  NO^  on  bone  marrow  in 
experimental  animals  or  humans. 

3 . Immunologic  Effect s 

A circulating  substance  with  properties  similar  to  a lung  antibodv 

3 

appeared  in  the  serum  of  guinea  pigs  exposed  to  9.4  mg/m  (5  ppm)  NO,, 

either  4 hours/day.  5 days/week  or  7.5  hours/day,  5 days  for  up  to  5.5 

3 

months.  In  .a  second  group,  exposed  to  28.2  mg/m  (15  ppm)  NO,, 
continuously  for  1 year,  the  antibody  reacted  Jji  vitro  with  protein 
extracted  from  the  lung  tissue  of  control  animals.  The  titers  of 
reactive  substances  increased  witli  the  intensity  and  duration  of 
exposure,  but  no  absolute  values  were  ascribed  to  the  data  because  the 
latex  agglutination  method  employed  was  not  quantitative  (73). 
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M.itsiimur;!  (1070)  reported  results  of  studios  on  jiuinon  pips  that  wori' 

sensitized  to  epg  albumin.  A 30  minute  exposure  to  NO.,  at  132  mp 'm 

(70  ppm)  increased  the  susceptibility  of  those  puinea  pips  to  systemic 

anaphylaxis  after  inhalation  of  epp  albumin  aerosols.  Exposure  to  NO., 

3 

(75  mp/m  ; 40  ppm)  caused  an  increase  in  dyspnea  (47). 

The  effects  of  chronic  exposure  to  low  concentrations  of  NO.,  on  the 

immunologic  response  were  studied  by  vaccinatinp  mice  with  27^  CCA  units 

of  ch  i ck  embryo  A.,/Ta  iwan/ 1 /64  influenza  virus  vaccine  (74).  One  group 

3 

of  mice  were  exposed  continuously  to  NO.,  at  3.8  mg/m  (2  ppm); 

3*' 

another  group  was  exposed  to  0.‘^4  mg 'm  (O.S  ppm)  with  daily  1-hour 

long  peaks  of  3.8  mp/m  (2  ppm)  for  5 days  a week.  Three  months  after 

the  exposures,  the  mice  were  vaccinated  with  the  influenza  virus  and  held 

in  the  exposure  conditions  described  for  up  to  7 months.  At  various 

times  during  the  vaccination,  the  hemagglutination  inhibition  and  SN 

antibody  titers  and  the  concentration  of  the  immunoglobulins  were 

measured.  Two  weeks  after  vaccination  the  SN  antibody  decrease.l  and 

seroconversion  rates  were  markedly  lower,  especially  amvnig  mic>-  si'. 

3 

to  0.5  ppm  with  the  daily  1-hour  peaks  of  3.8  mg'm  (2  ppm'.  4 

weeks  of  exposure  the  SN  titers  and  seroconversion  r.ite-.  ' ' n.'i  .iiiii-r 
significantly  from  those  in  control  mice  which  r«'c.'iv  d • i.i.'il  air. 

Squirrel  monkeys  (males)  continuously  4>m'  ■ 1 •>  ppm  I'f  NO.,  for 

4d3  days  were  challenged  5 times  with  m.»nl..  4,ti|'t.'.'  influenza  A/PR/8/34 

virus.  All  monkeys  exposed  1 1'  NC*  , pi,'.'.  •..•rum  n.'u  t ra  1 i zat  i on 

antibody  within  21  days  alt.-i  vi?  • ti.'n  (4  animals),  whereas  .inlv  I 

animal  of  3 exposed  to  tilt.-i  ’ s’l.'w.'.l  a similar  response.  The 

difference  observed  in  h.-m  i 'i  f i n.i  t i on  inhibition  antibody  titers 
between  N0.,-expi'>scd  iu.'  .'utt.'l  m.'uk.'vs  was  not  significant. 

Examination  't  limr  -.sui's  indicated  slight  emphysema  and  thickened 
bronchial  ind  '.i  'lar  .'pith.'lium  only  in  monkeys  exp.ised  to  NO.,  an.l 

ch.i  1 1 eni’..’.l  with  t h.'  influenza  virus.  No  u 1 t ra  s t r uc  t ur  a 1 abnormalities 
wer.-  . I ye. I n .'xposed  animals  (17). 


Another  stinlv  in  wh  h -iiiuirrt'I  monkeys  were  challenpei^  with  < 
periodic  intr.iti  i.h.- T iii|ectlons  of  mouse-adapted  inflnen/.i  A I’R  8 
virus,  while  ex,* to  filtered  air  or  NO^  for  1A‘>  d.tv;  '.'it  hours 'dav, 

7 davs  we.  K ;h,>wed  no  change  in  the  action  of  the  hem.utg  lii  t i na  t i on  - 
inhi‘'  f *11  iril  ihi'dv.  The  production  of  serum  neutralizing  antibody, 
h w • , was  d.'layed.  After  133  days,  no  signiticant  difference  was 
<•'  .*1  vi*>l  in  the  production  of  the  hemagg  1 u f i na  t i on- i nh  i b i t i on  , or  serum 
ui'ii  t ra  I i z i ng  antibodies,  body  temp<*tMt  ur**,  respiratory  function,  body 
weight  and  hematologic  values  betwei>n  control  and  experimental  monkevs . 

H i s topathol og i cal  examination  revi-aled  foca'  alveolar  edema  in  all  but 
one  monkey  exposed  to  NO.,,  hut  no  additive  effect  of  NO^  exposure  and 
influenza  virus  challenge  was  apparent  (Ibl. 

In  several  stu,lies,  mice  (14,  131  and  squirrel  monkeys  (18,  75),  wore 
exposed  to  NO,  ti'r  extended  periods,  and  at  various  intervals  during 
exposuri’  cha'lengt'd  with  K.  pneumoniae  aerosols.  Exposure  was 
intermi 1 1 1’nt  (b  hours/day,  5 days/week)  or  continuous  (24  hours/day,  7 
davs  week).  Intermittent  exposures  appeared  to  cause  greater  effects 
than  continuous  exposures. 

Aranvi  and  Porta  (76)  observed  a significant  decrease  in  the 

phagocytic  function  of  alveolar  macrophages  (against  heat  killed 

3 

Escherichia  coli)  obtained  from  mice  exposed  to  0.84  mg/m'  (0.5  ppm)  of 

NO^  with  daily  1-hour  peaks  of  3.8  mg/m'  (2  ppm)  5 days/week  for 

‘ . . 3 

3.5-7  months.  This  did  not  occur  in  mice  exposed  to  3.8  mg/m'  (2  ppm) 

for  the  same  period. 

4.  Central  Nervous  System  (CNS)  Effects 


No  reports  were  found  on  the  effect  of  NO^  on  the  CNS  of  laboratory 
animals,  but  in  humans  health  clinic  records  of  residents  living  in  close 
proximity  (1  kilometer)  to  a chemical  plant  showed  that  nervous  svstem 
effects  (effects  not  defined)  were  seen  more  frequently  in  this  grotip 


33 


then  in  another  group  living  further  away  (3  kilometers'!.  In  this  area 
NO,,  levels  in  the  atmosphere  exceeded  maximum  permissible  concentration 
(MPC)  by  a factor  of  3.8-12/MCP,  0.10  mg,/m^;  0.033  ppm  for  24-hour 
average  (32!. 


3.  Behavioral  Effects 

No  reports  were  found  on  the  effect  of  NO,,  on  the  behavior  of 
experimental  animals  or  humans. 

6 . Cardiovascular  Effects 

No  reports  were  found  on  the  effect  of  NO,,  on  the  cardiovascular 
system  in  laboratory  animals  or  humans. 

7.  Biochemical  and  Hi stochemi ca 1 Changes 

Lung . Male  rats  were  exposed  chronically  to  an  average  of  2.b  ppm  of 
NO,,.  24  hours/day,  5 days/week  for  0 months.  The  major  effects  of 
NO,,  were  a significant  decrease  in  lung  lipid  content  and  a marked 
decrease  in  the  percentage  of  total  saturated  phospholipid  fatty  acids. 
This  reduction  in  saturation  was  the  result  of  a decrease  in  the 
percentage  of  palmitic  acid.  The  authors  suggested  that  lung  lipid 
mt’taholism  may  be  the  underlying  mechanism  which  leads  to  some  of  the 
pulmonary  effects  following  long-term  exposure  to  small  amounts  of  NO,, 
(77!. 

Blood.  The  serum  immunoglobvil in  concentration  in  non-vacc i nated  mice 

was  altered  during  the  3 months  exposure  period  to  NO,,.  In  general, 

IgA  decreased  while  IgM,  IgC,  and  IgC,,  increased.  During  the  28  weeks 

after  vaccination,  exposure  to  NO,,  did  not  further  influence  IgA 

concentration,  Servim  IgM,  IgC,  an  IgC,,  were  higher  in  mice  expost'd  to 

N(!-7  than  in  those  maintained  in  filtered  air.  More  rpi-c  i f i ca  1 1 v , mice 

3 . . 

consistently  exposed  to  0.‘!4  mg/m  (0.3  ppm!  with  da  i 1 v 1-hour  peaks  iif 
3 

3,8  mg/m  (2  ppm!  showed  consistently  higher  immunogl ob>i  1 i n 


concont ra t i ons  hofore  and  aftor  vaccination.  Fur thormoro , mice  exposed 

3 

to  filtered  air  before  vaccination  and  to  NO.,  at  3.8  mg/m‘  (3  ppm) 

3 

after  vaccination  and  those  exposed  to  NO.,  at  3.8  mg''m  (?  ppm) 
before  vaccination  and  to  filtered  air  after  vaccination  showed  similar 
increases  in  serum  immunoglobulins  (74). 


These  results  suggest  that  fluctuation  in  atmospheric  NO.,  tias  more 
influence  on  the  immune  response  than  constant  (although  high) 

O 

concent  ra  t i ons  of  NO.^ . Continuous  exposure  of  mice  to  3.8  mg 'm*'  (3 

ppm)  for  10  months  did  not  influence  the  antibody  formation  or  the 

3 

immunoglobulin  concentrations.  Conversely,  exposure  to  0.04  mg 'm'  (0.3 

3 

ppm)  with  daily  1 hour  peaks  of  3.8  mg/m  (3  ppm)  decreased  the  ability 
to  form  SN  antibody  and  significantly  altered  the  concentrations  of  serum 
IgM  and  IgG.,  (74). 


Increased  serum  levels  of  beta  lipoproteins  cholesterol  and  albumin 

3 

have  alsv.’  been  reported  in  humans  exposed  to  NO.,  levels  of  0.10  mg^m 
(0.033  ppm)  or  less  for  34>ours/day  for  130  days  (33). 


Wagner  et  al.  (73)  exposed  dogs  to  I and  3 ppm  of  NO.,  for  18  months 
and  found  no  significant  alterations  of  basic  alkaline  phosphatase  and 
magnesium  activated  phosphatase  activities  in  sera  of  animals  exposed  to 
these  concentrations  of  NO.,. 

/ 3 

In  another  study  in  which  rabbits  were  exposed  to  3.3  and  3.6  mg 'm 
(1.3  and  3.0  ppm)  NO.,  for  3 hours  daily  for  13  to  17  weeks,  a decrease 
in  serum  albumin  and  increase  in  globulin  fractions  was  observed  (7P. 

8 . Effects  on  Body  Weight,  Tissues  and  Organs 

Body  Weight . Studies  on  the  effects  of  chronic  exposure  of  NO., 
have  produced  conflicting  results  with  respect  to  weight  loss. 


No  significant  reduction  in  the  rate  of  weight  gain  was  observed  in 

3 

rabbits,  guinea  pigs,  rats  or  hamsters  expiised  to  1 . , *^.4  or  47  mg  m 
(1,  3 and  33  ppm)  NO.,  and  dogs  to  1 . and  ‘^.4  mg 'm  (1  and  3 ppml 


NO^  for  6 hours  a day  for  18  months  (72\  Furthermore,  no  significant 

3 

difference  in  weight  gains  appeared  in  mice  exposed  to  940  ug/m'  (0.5 
ppm)  NO,,  for  6,  18  or  24  hours/day,  5 days/week  for  up  to  12  months 
(13). 


In  contrast,  rats  exposed  continuously  to  22.6  mg/m'  (12  ppm)  NO2 
for  9 months  continued  to  grow,  but  their  body  weights  remained  20%  less 
than  those  of  control  animals  (78,  79). 


One  observer  reported  (71)  a 10%  weight  loss  in  rabbits  exposed  to 
3 

5.6  mg/m  (3  ppm)  NO,,  for  15  weeks,  while  controls  gained  11%  in 

their  weight.  The  effect  was  apparently  dose-dependent;  rabbits  exposed 
3 

to  2.5  mg/m'  (1.3  ppm)  NO,,  for  17  weeks  increased  their  weight  by  2% 
as  compared  to  an  8%  increase  by  controls. 


Pulmonary  System 

Pulmonary  function.  Continuous  (lifetime)  exposures  of  rats  to  NO,, 

caused  respiratory  rates  to  increase  and  tidal  volumes  (volume  of  air 

inhaled  in  an  average  single  breath)  to  decrease  during  exposures  to 

3 

concent ra t i ons  of  1.5  mg/m'  (0.8  ppm)  (80). 

Other  pulmonary  functions  have  been  examined,  but  showed  no  evidence 

3 

of  NO^  effects.  Guinea  pigs  exposed  to  9,4  mg/m  (5  ppm)  NO,,  for 

either  4 or  7.5  hours/day,  5 days/week  for  up  to  5.5  months  had  no 

changes  in  respiratory  flow  resistance  (73).  Four  rabbits  exposed  to 
3 . 

47.0  mg/m'  (25  ppm)  NO,,  continuously  for  18  months  showed  a transient 

increase  in  the  rate  of  oxygen  consumption,  which  reverted  to  normal 

within  48-72  hours  after  exposure.  In  16  rabbits  exposed  to  1.9  and  9.4 
3 

mg/m'  (1  and  5 ppm)  NO,,  for  the  same  length  of  time,  no  change  in 
oxygen  consvimption  occurred  (72). 


Pathologic  Changes.  Hi stopatho 1 ogy  of  mouse  lung  tissue  following 

3 

chronic  exposure  to  0.5  ppm  of  NO,  (0.94  mg/m' I for  6,  18  and  24 
hours  daily  for  3-12  months  reyealed  expanded  alyeoli  which  increased 
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with  expciRurt?  time.  The  general  impression  was  of  earlv  broncliiolar 
i n f 1 amm.at  i on  with  reduction  of  distal  airway  size  and  a concomitant 
expansion  of  alveoli.  The  overall  lesions  appeared  to  be  consistent  wi tli 
the  developmnt  of  early  focal  emphysema  (591. 

a 

In  rats  exposed  to  NO^  at  18.8.  28.5  or  47  mg/m  (10,  12.1  or  21 
ppml  for  3 or  more  months,  the  thoracic  cavities  became  larger,  dorsal 
kyphosis  developed,  and  the  animal  acquired  a bloated  appearance.  There 
was  distention  of  the  alveolar  ducts,  dilation  of  alveoli  and  hyperplasia 
of  broncliiolar  epithelium.  Alveolar  septa  were  missing  occas i ona 1 1 v . but 
the  parenchya  was  unusual  (81,  821.  These  pathologic  conditions  were 
similar  but  not  identical  to  those  of  human  emphvseraa,  with  the  ma ior 
difference  being  the  absence  of  alveolar  necrosis. 


The  main  feature  of  empliysema  is  the  development  of  destructive 

bulbous  lesions.  These  were  never  found  even  in  rats  exposed  for  a 

3 

lifetime  to  NO^  concentrations  of  1.5  and  3.8  mg /m'  (0.8  and  2.0 
ppml.  The  lungs  from  these  animals  were  grossly  normal,  but  microscopic 
examination  revealed  minor  ciliary  loss,  epithelial  hvpertrophv  nd 
"cvtoplasmic  blobbing"  (45.  821.  These  animals  had  a normal  life  span 
and  died  of  diseases  which  were  unrelated  to  NO^  exposures  (81 1. 

Electron  microscopic  examination  of  the  lungs  of  rats  exposed  to 
3 

NO^  at  3,8  mg 'm  (2.0  ppml  revealed  hypertrophy  and  focal  hyperplasia 
in  the  epithelium  of  the  terminal  bronchiole  and  a loss  of  cilia.  These 
abnormalities,  which  appeared  on  the  3rd  day  of  exposure,  disappeared  by 
day  21  despite  continued  NO.,  exposure  (831.  After  a lifetime  exposure 
to  this  same  concentration,  the  only  abnormality  observed  was  thickening 
of  the  basement  membrane  under  the  epithelium  of  the  terminal  bronchiole 
due  to  enlargement  of  the  collagen  fibers  (651. 


Exposure  to  higher  doses  (32  mg/m' ; 17  ppml  was  found  to  cause  more 
severe  ciliary  loss,  injury  to  the  epithelial  lining  of  the  alveoli 
adjacent  to  the  terminal  bronchiole,  sloughing  of  type  1 alveolar  cells, 
thickening  of  aii — blood  barrier  and  deposit  of  fibrin  along  the  basement 
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mombrano  ( 83 K The  most  important  abnormality  in  a 2 vear-oKi  rat 
exposed  to  32  mg/m  (17  ppml  for  610  days  was  the  massive  increase  in 
the  size  of  the  collagen  fibers  (651. 

Haydon  et  al.  (861  exposed  rabbits  to  continuous  atmosphere 

3 

containing  NO,,  at  15-23  mg/m'  (8-12  ppml  for  3-4  months  and  reported 
1 destructive  changes  in  alveolar  walls  and  abnormal  distention  of  distal 

air  spaces.  These  observations  are  similar  to  human  emphysematous 
I e s i ons  . 

3 

Investigations  in  rabbits  (28-47  mg/m' ; 15-25  ppml  exposed  for  2 
years  (2  hours /davl  to  NO,,  failed  to  find  emphvsematous  changes  in  the 
lung  ( 531 . 

Dogs  were  found  to  be  resistant  to  ephysematous  changes  following 

3 

exposure  to  *^.4  mg,/m  (5.0  ppml  of  NO,,  for  15-18  months  (72l.  This 

observation  was  confirmed  by  otlier  investigators  (3,  851.  Bulbous 

emphysema  has  been  produced  in  dogs  but  onlv  after  prolonged  (6  monthsl 

3 

exposures  to  high  concentrations  (48.0  mg/m'  = 26  ppml  (861. 

Stephen  et  al.  (651  exposed  rats  to  2 ppm  NO,,  continuously  for  two 
or  more  years  and  observed  that  the  rats  developed  very  large  collagen 
fibrils  (up  to  15  times  the  normal  diameterl  underlying  the  terminal 
bronchioles.  The  basement  membrane  under  the  epithelium  of  the  terminal 
bronchiole  was  also  thickened. 

Vascular  Permeability  and  Edema  Formation.  The  most  important 
pathophysiologic  consequence  of  exposure  to  NO,,  {g  damage  of  the 
vascular  membranes  which  results  in  increased  capillarv  permeability, 
transudation  of  protein  into  alveoli  and  edema  formation.  The  most 
commonly  usi'd  method  for  estimating  edema  fluid  is  the  wet;  drv  wei,ght 
ratio.  This  ratio  remained  unaltered  in  rats  that  were  exposed  to  N0„ 
(81 1.  Pulmonary  wei,ghts,  both  dry  and  wet,  increased  proportionally  in 
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these  animals  indicating  that  mass  (cell  and  fibrous  tissues)  increased 
as  a consequence  of  NO^  exposure  (79,  81,  87).  Histologic  and  electron 
microscopic  examination  of  pulmonary  tissue  provide  a more  accurate 
determination  of  edema;  nevertheless,  small  quantities  of  edema  fluid  can 
go  undetected  even  by  these  methods  (55). 


In  squirrel  monkeys  focal  alveolar  edema  was  observed  following 

3 

continuous  exposure  to  NO2  at  9.4  mg/m  (5.0  ppm)  for  169  days.  In 
other  studies,  edema  was  either  absent  (81,  72)  or  not  reported  (59). 


The  significance  to  human  health  of  presently  encountered  atmospheric 
levels  of  NO2  is  not  known.  Recent  investigations  involving  healthy 
populations  as  well  as  patients  with  chronic  pulmonary  disease  have 
yielded  conflicting  results.  Shy  et  al.  (88)  compared  neighboring 
communities  in  Chattanooga  exposed  to  high  and  low  concentrations  of 
NO2.  They  reported  a decrease  in  ventilatory  performance  and  an  excess 
of  respiratory  illness  among  families  exposed  to  increased  levels  of 
NO2.  Since  the  source  of  NO2  pollution  was  a factory  producing 
trinitrotoluene,  other  automobile-associated  pollutants  (lead,  CO, 
hydrocarbons)  were  not  considered  factors  in  this  study. 


Other  studies  on  volunteers  exposed  to  NO2  showed  no  effect  (32). 

Skin.  Skin  disorders  were  reported  in  humans  exposed  to  NO.,  levels 

3 ^ 

exceeding  MFC  by  a factor  of  5.8-12  (MFC,  0.10  mg/m  ; 0.053  ppm; 

24-hour  average)  (32). 


Other  Organs.  Heart , liver , kidney  and  spleen  of  mice  exposed  to  0.5 
ppm  of  NO2,  6,  18  and  24  hours  daily  for  3-12  months  did  not  reveal  any 
unique  pathology  (59). 

Wagner  et  al.  (72)  exposed  six  species  (rats,  mice,  hamsters,  guinea 
pigs,  rabbits,  dogs)  to  5 ppm  of  NO2  for  15  months  and  found  no 
histologic  changes  in  the  trachea , hilar  lymph  nodes,  heart , liver, 
spleen,  kidney,  adrenal,  thyroid,  pancreas,  duodenum,  bladder  and  brain. 


9.  Cytologic  and  Cytogenetic  Effects 
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No  reports  were  found  on  the  cytologic  and  cytogenetic  effects  of 
NO2  in  experimental  animals  or  humans. 

10.  Molecular  Effects 


No  reports  were  found  on  the  effects  of  NO^  on  DNA,  RNA  and  protein 
synthesis  in  experimental  animals  or  humans. 

1 1 . Reproductive  and  Teratogenic  Effects 

No  reports  were  found  on  the  effects  of  NO^  on  pregnancy  and  fetal 
abnormalities  in  experimental  animals  or  man. 

12.  Metabolism 


No  reports  were  found  on  the  effect  of  NO2  on  metabolism  in 
experimental  animals  or  humans. 

1 3 .  Carcinogenicity 

A possible  relation  between  exposure  to  NO2  and  pulmonary  neoplasia 
has  been  the  subject  of  preliminary  studies.  Exposure  of  rats  to  0.8  pp*- 
NO2  for  approximately  their  lifetimes  was  found  to  result  in  large 
tumors  in  4 of  21  rats.  Three  of  these  were  subcutaneous,  spindle-cell 
tumors  containing  foci  of  calcium.  Two  also  had  areas  of  necrosis.  The 
cells  were  arranged  in  orderly  nests  and  whorls.  The  fourth  tumor  was  a 
ganglioneuroma  of  the  adrenal  (80).  In  another  study  by  the  same 
investigators  in  which  rats  (15  rats)  were  exposed  continuously  to  12  ppm 
of  NO2,  one  developed  a ganglioneuroma,  one  had  focal  nodular  meta- 
plasia of  the  bronchial  epithelium,  and  two  focal  had  bronchial 
adeonmatosis  in  the  periphery  of  the  lung. 
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Wa^iH'r  ft  al.  (72)  oxposfcl  tlio  CAK/Jax  tnicf  to  S ppm  of  NO  for  12-16 
months  anO  foiiivl  an  incrfasfd  rate  of  t nmor  i go  ni's  i s in  tho  group 
sacrificfd  at  12-monrlis. 

CarJinor  (80)  obtainoil  ovidonof  that  NO^  exposures  may  contribute  to 
lung  tumor  development  in  mice.  Because  benzeno-py rene  hyroxylase 
pri'sumably  inactivates  the  carcinogenic  potential  of  polyaromatic 
hydrocjirbons , the  effect  of  an  acute  exposure  to  NO,,  on  this  enzyme 
system  was  evaluated  in  rabbit  tracheobronchial  mucosa.  No  effect  was 
found  (20). 

lleuschler  and  Ross  (00)  exposed  NMRI  mice  to  40  ppm,  2 x 7(8  hours/week 
or  48  hours  every  10  days,  or  every  20  days  for  l.S  years  and  found  a high 
incidence  of  lung  adenomas,  skin  adenomas  and  leukosis  in  the  animals  that 
survived  (100%  survival). 
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IV.  SU’.NIKICANT  I’llYSU'AI,  ANP  CHKMICAI,  PROPKK'riKS 


Nitroj><'ii  illuxiilt'  .ind  its  polviiii’r  n i 1 rii>>i>n  f ct  r.io.x  i ilo  ;iri>  .ilw.nys  foiiml 
tOKi’tlu'r  .It  m>rin.nl  on  v i ri'nmt'iit  ,1 1 t ompi'r.i  t nros  . Nitiop.on  ilioxiilo  is  n 
hv-proiUiot  of  m.inv  oporations  .siul  rosiilts  wlu'iiovor  nitric  acid  acts  upon 
metals,  as  in  brip.tU  d i pp  i n>; . picklin>t.  and  olcliinp.,  or  upon  organic 
mati'rial,  as  in  tho  nitration  of  cotton  or  other  cellulose.  It  is  also  a 
by-product  of  the  manufacture  of  manv  chemicals  including,  explosives, 
dves,  lacquers,  and  celluloid.  It  also  results,  in  siKnificant  amounts, 
from  the  slow  burning,  of  explosives  or  the  detonation  of  explosivt-s 
havinj;  a hijth  oxv>;en  balance,  or  from  electric  arcs  (hll. 


Nitro>;en  dioxide  is  a reddish  brown  y,,is  above  ? I . 1 C,  a nearlv 
colorless  liquid  between  C and  -b.l*  and  a white  solid  below 

-b.d*  C.  At  '*0*'  C,  approximately  dP'li  is  NO,,  anil  70Z  is  N,,0, 


Nitroften  ilioxide  absorbs  lijtlif  ovt'r  .-i  wide  r.'in>;e  of  the  visible 
wavelengths  causing  the  characteristic  light  yellowish-orange  to  reddish 
brown  colors  of  gaseous  nitrogen  dioxide  seen  at  relativelv  low  and  high 
concent  rat i ons , respec  t i ve 1 y . 


Nitrogen  dioxide  does  not  burn  but  supports  the  combustion  of  carbon, 
phosphorus,  and  sulfur.  It  is  very  corrosive  to  steel  when  wet.  but  mav 
be  stored  in  steel  cylinders  when  moisture  content  is  0.1%  or  less.  Its 
significant  physical  properties  are  given  in  Table  1 (dll. 
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1.  INIKltPlICTUlN 


Pill's  ^i’ 111'  I'f  corl'i'ii'i'  I i' li  i I'l"  i ill'  is  ii  oii  lor  loss  p^iis  iiiiiii'r  iii'i'iiicil 
to  nip  or  a I nil's  aiui  prossuro  wliioli  is  ol'taiiioil  t'v  j'assiiij;  oliloriiio  aiui 
oxi'oss  Cll  ovor  aotivatoil  oarl'oii  or  by  iloioinpos  i t ion  ot  oil  1 or  i iia  t oil 
hvilrooai-l'oiis  bv  ultraviolol  railiatioii  or  lioat  . Its  pliysioal  aiiil  oltoinioal 
proport  i I'S  aro  il  isoiissoil  m Soot  ion  V ot  this  ropoi  t . 

It  was  tirst  nsoil  as  a olioniioal  wartaro  av'.oiit  iliiriii)',  WorKI  War  1.  It 
is  onrront  ly  nsoii  in  tlio  synthosis  o 1 isoovanat  os , wliioh  aro  tlio  basio 
niatorials  tor  po  1 yiirot  Itaiio  rosins  (.11. 

Till'  primary  ao  t i on  ot  plios  i;oiio  is  on  tlio  rospiratory  traot  wboro  it 
oansos  an  i n t I aniiia  t ory  oilonia,  wliiob  is  I o I 1 owoil  bv  a oollulai  oxiulato, 
botli  in  till'  iipi'or  rospiratory  passap.ox  aiul  in  tlio  pnliiionarv  paroiiolivnia . 
Wliilo  till'  hip.tiosl  niortalitv  ooonrs  in  tlio  aoiito  tinoipiont^  stapo.  ' 
si'Oi'iiil  pi'ak  in  tlii'  nii'rtality  oiirvt'  is  I'nooiint  i' I'l'il  with  tlio  piii'iinion  i a 
proooss  loritioal  stapol.  I'lio  lattor  i n t I animat  ory  rosponso  is  laro.olv 
ill' t o nil  i Ill'll  by  tlio  oxtoiit  o t tlio  primary  ilo  s t riio  t i on  . tlonorallv.  it  iloatli 

iloos  not  I'lisno  in  tlio  iiioipioiit  or  oritioal  stapa's.  roprossivo  aiiil 

roparativo  olianpos  sot  in.  Pospito  tlio  pro  1 i t orat  i vo  aotivitv  ot  tlio 
pn  Inioiiary  tissiio,  soattoroil  omphysoma  an.l  tooal  atolootasis  aro 
ilotootablo  loti)’.  .1 1 1 o r oxpi'snro  to  niontlis^  t-'l. 

I'lio  t li  ros  bo  1 il  limit  va  1 no  tl'l.Vl  ot  pbos.i'.ono  ailoptoil  bv  t ho  Amotioan 
Con  t oronoo  ot  tlovo  riimont  a 1 liiilnstrial  llvi’,  i on  i s t s (O  lot  1 I was  P.l  ppm 
or  (l.'i  tiij'./m  . ritis  ti);nro  is  probably  basoil  on  t ho  liitiltni'.  that  rats 
I’xposoil  to  ll.S  ppm  tor  ^ hours  amt  to  ll  ppm  lor  iSp  minntos  showoil 

pa  t ho  1 op,  i 0 i'han)’,os  in  tho  Inti);  'H'  hours  aiul  1 months,  rospoo  t i vo  1 v . a t t o t 

);assin);  t-iK 
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riio  iiionkov  in't  wns  nppi  o.\  ini.it  o I v UHUI  nu;  min  m t . 

riio  .it'ovo  l.l't  vnlnos  woio  ol'tninoJ  nl  nnspooitunl  t ompo  i .1 1 n i o s 

t p 1 osnm.il' 1 V loom  tompornInroK  I'lioto  .no  1 n.l  1 0.1 1 I ons  , liowovi'i  . I li.il 
iiivio.iso.l  t onipoi  ,il  ni  o , nt  hij'.li  .losos  ,it  lo.ist,  inoio.isos  tlio  toNioitv  ot 
plios  p.oiio  in  tlio  monso  Init  not  in  tlio  1 .it  ; stn.lios  in  ilop.s  .lomons  t 1 .1 1 o.i  no 

oonsistoni  oh.inp.os  l. . No  1 n I ,'i  m.it  i on  is  nv.iil.il'lo  on  tlio  o t 1 00  I s ot 

Unmiilitv  01  .lit  1 1 inlo  on  phosp.ono  toMoitv. 

rtioio  ni  o no  .|n.intit.il  1 vo  .l.it.i  itulio.it  i n.o.  wli.it  .los.10,0  mip.lit  o.inso 
poim.inont  Iniio.  .l.iiiuip.o  in  hnm.ins,  sinoo  most  ot  tlio  ii'poits  .lo.ilini',  with 

nonto  .10  0 i vlon  t .1  1 oxposnio  oi  lono.  t o 1 111  oxposnio  tin  iiulusti  1 .1 1 
s 1 1 n.l  t i ons  ^ ilo  not  spooitv  tlio  hos.ip.o.  Sinoo  tlio  lowost  oxpoi  imont.il 

loVi-1  .iv.i  i 1 .ih  1 c'  t .>1  l.'iio.  toim  oxposnio  siip,v'.osts  tli.it  l' . S mo,  in  tt'.-' 
ppiiil  I 01  ' lioiii  s t .'1  ■'  .l.ivs  mnv  o.inso  slip.ht  pnlmoii.iiv  oli.inp.os  t n ' it 

won  1.1  s.u'iii  til. It  .1  v.iliii'  .'1  t'.l  ppm  tl'.-i  m.o.  m ^ w.ni  1 .1  11. M I'o 

sntti.iont  Iv  s.it.',  it  .1  tout. >1.1  s.itotv  m.iip.in  is  11. >t  t .'  h.'  o x.' .'o.l.-.l  t .>i 

w.'ikinp.  poi  s.>nni>  1 l.'i  .111  S li.'nr  .l.iv  , '>  .his  s p.'i  w.'.-k  .it  s.-.i  l.'V.>  1 si..'., 

t'.ihS  m.o.  Ill  .'1  t'.l'.'  ppm'. 

llio  t.'xi.'  .' t t .'0  t s .' t pli.'s  p.'n.'  .'11  SMI  I .'ll  s .'ll'.. Ill  svsti'iiis  will  1'.' 

.li'soi  il'i-.l  III  il.'t.iil  111  this  i.'p.'it  nii.lor  t h.'  h.'.i.l  i iip.s , .lont.',  s nl'oh  i .'ii  1 , 
.lllil  .'111  .'ll  i 0 t .'X  i .'  1 1 V . 

•Ai'iito  t.'Xioity  IS  il.'tiiii'.l  .IS  th.it  wlii.ti  i.'snlts  t 1 .'in  .1  siiip.li- 

.'xp.'snr.' , 1 11  h'O  t I i'll , .i.liiii  11  1 s t 1 .'It  i I'll  .'i  n pp  1 i .' .1 1 i .'ii  sskiii'.  In  v i t i .' 

I'l'soivnt  ii'iis  .11.'  i no  1 lull'll  nn.l.'r  .i.ut.'  .' I t .'O  t s . Snl'ohi  .'ii  1 0 t.'xi.ity  is 
.1.' I i Ill'll  .IS  th.it  wliiiti  ii'snlts  t 1 .'in  i .' p.'.i  t .'.1  S .'.'lit  1 iin.'ns  .'i  i n t .' i 111  i t t I'lit  ' 
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( I I'.it  iiii-iit  ilufiiij',  .1 ''H)-il;iy  cxi><' i' i iiu-ii  t .1  1 jx-rioil  <'r  li's.s  ( slii>r  t - ( <' rm 
ti-slsK  Chronic  loxicitv  is  do  1 i mxi  ns  tliat  rosnltinc.  I tom  oont  i iiiioiis 
t I'o.it  iiioiit  ovor  .1  I'l’iioil  ol  J yo.'irs  or  more  I I iinj;-to  i in  li-sls  or  lili-liiiio 
tests). 

Ivi' ion  1 oxnrapli’s  will  hi-  si'lootixl  to  i 1 1 list  r.il  o toxic  omipoints. 

liitormntioii  Smiryi's.  I'lio  i n 1 ofiiint  i on  contninod  in  tin-  hoilv  ot  this 
dociiraoiil  is  derived  l roin  the  1 oVl  ow  i ny.  sources: 

X 

o NU'Sll.  Id7n.  Criterin  lor  n Kecoiniiiended  Stnndnrd  

t'ccupnt  1 onn  I Exposure  ti'  IMuisyeue.  Ulll'.W, 

o Mnnu  t nc  t ur  i ny.  Chemists  Assoc  i nt  i on.  I'Hi/.  I'hemicnl  Snietv  Ontn 

Sheet  SO-d‘).  rroperties  nnd  i-sseutinl  intormntii'U  (or  snte  hniul  1 i ny, 
niul  use  Ol  riiosj^ene . MllA.  W.ish  i ny.  t on.  DC. 

o I'.ll.  I'hieues  nnd  Ilnley,  eds.  I'linicnl  I'l'.x  ico  li'jty . ‘’Ill 

Kd  i t i on.  pp  . 1 '■It!  - 1 'H  . 

o Ho  I 111  her  y, . !i.  li  i.>  l.’y  i cn  I Aspecl.s'  ol  llliemi  cn  1 nnd  H i o 1 oj;  i c.i  1 

Wivipons.  Awhjy’  -lO-t’):  711-71'’. 

o Ki’V , M.  M.  , .A.K.  lli'ii.sche  1 , .1.  linl  li'r,  K.N.  l.iy.o,  .ind  l.K.  Inhersli.iw, 
eds.  I'l/’/’.  Occnp.it  i on.i  1 I'isenses,  n Cuide  to  t he  i i Kecoy.n  i t i on . 

Ki'V  ised  Edition.  IHIEW. 

o I'ltnlions  identitied  throuy.h  I'mcor  .litco  Eiternture  Senreh. 
o iVnu'ricnn  lndustri.il  Hvy.iene  Assoc  i .it  i on.  I'lPl',  Uv.c.umu'  iluide  Series. 

Mntrix.  '.'ill'  pertinent  e 1 1 ec  t s ol  phosyene  described  in  this  document 
will  he  suiiinnr  i.-.  ed  in  the  mntrix.  Where  nnim.il  dntn  were  not  nvnilnhle. 
hiimnn  dntn  were  included. 


11.  Al'l'l'K  ri'.XU'llY  I i IK' I utl  I 111',  111  villi' 

1 . lltMii.'i  t 1 it'  K ! I i*r  I s 

t.i  V 1 111  I'l'v  t I-S  . Mil'll  .Iiiil  Kvsli'r  (i)  t'xi'i'Si'il  iii'>;s  to  liO-UHt  ppm  o 

pill's, <i'iii'  1 I’V  H'  iiiiiuiti's  iiiiil  niiiili'  I'l'il  I'l' 1 1 I'l'iiuts  I'Vi'i  .i  lO-tiour  porii'il 
iitti'i  ,i',;i  ss  i 111', . I'lii'ii'  w;is  ;i  lii'i  ri'iisi'  ovi't  tliv  lust  i lioviis  .iiul  ,i  sliiiip 

I ISO  I'voi  till'  iioxt  tow  lii’iirs  until  I lio  ;iii  uii.i  1 ilioil.  A sitiiil.ii 
I'l' so  I v.i  t I on  w;is  iii.'iiio  I'v  I'aiiioion  .iml  I'onitioo  tS'  in  ilo,i',s  oxposoil  to  -iil' 
nil'.  111  tor  'll'  ml  nut  os. 

P.ilv  ot  III.  l.'*!  ,.;t  Hill  Oil  till'  ottoot  ot  pliospono  i,  u U' - 1 1 , ''00  iiij',  m ' 
on  pot  liisoil  lnn,i',s  ot  Oops.  I'onliniions  mo.isnromoni  s ot  i oO  oo  I 1 l oiinl  s 

wt'io  iiKiilo  ovoiv  li.i  1 t ill'll i . No  olinnpo  in  oo  1 I niiiiil'oi  w.is  toiiiiO  ,il  .inv 

I iiiio  iliiiiii)'.  till'  oxporimonl. 

I'O^ooy  t os  . Wh  i 1 o si  iiOv  ini',  tlio  ot  v I hi  oov  t o s . I'.i  1 v ot  .il.  t ^ .i  1 so 
oonntoil  till'  I onooi'v  I os  . llio  losnlts  sliowoO  III. it  Oops  oxposoil  (' 1 0 - 1 1 ■ 't'O 
mp  in'  ot  pliospono  OiO  not  show  .il'iioriii.i  1 w'hito  oo  1 1 oonnts. 

llomojylohin.  I'.ilv  ot  1 1 . t ' 1 1 so  iiio.isiiioO  hlooO  homoplohin  lovols  i 

\ 

c'xppsi'ii  N'  i>  1 0 I I , uU'  niv;  m .nul  U'uuvi  lU'  vhauv'.i' 

bt'lwi't'u  pri'“  a\\k\  I'x'st  " v’oiss  1 ui’,  U'Vi'ls. 

Kxpi'Suti'  oi  to  J'O  1000  pp«>  ot  plu'Sy’.owt'  to\  luuuiti'S 

I'osultoO  lU  l'\' I v'w  tu'im.jl  li'Vi'ls  v't  lu'nu',v’.  U'l' lu  viin  i nj;  t ho  tiist  l\oui  s 
atttM  >*assuiv’..  nuMi'.ittoi,  tho  liouu'j;  I otM  »\  lovols  lost'  sluuplv,  it'aohiuv; 

ahi'Vi*  lU'iiu.il  at  o lu'virs.  I’ho  i at  t'l  p vt' I a t i on  ot  Iumiu'v,  I oh  in  loaOiiij'.s 
in  toiuis  i' t h K>i'vl  Vi>liuiu'  wv'ii  Ki  tuoan  lliat  xUii  inv,  tlu'  twst  •*  liouvs  [hoio 
is  an  uu'ioast'  v' t hKn'O  volumo  tv'lU'wv'O  hv  a maikoil  0t'oii'as<'  tluMa'atloi. 
riioso  ohsi' t va  t i ons  oontiiuiovl  oailu'i  liiulin>;s  I't  Ihuloihill  vlO^  a»ui  woio 
a I so  latoi  ovnitiimoO  hv  lamtMi'n  aiul  Oouituo  who  t'sposoO  0oj;s  t i'  •♦•♦0 

m>;  m ot  phos^ono  lor  iinnnios. 


A I isi-  ^lOOv'  in  I'lasnui  hniiK'i;  1 nb  i n was  also  nl’si'ivml  in  hiniians 
i-xposi'il  ai'v’ i >tiMU  a I Iv  to  plu'Sjtono  t,  ooiuont  i at  i on  aiul  oxposino  t iiiio  not 
spooitioil)  I’v  llov-.lot  til'-  I'hosi'  olianitos  woio  notinl  o-U'  lunii  s post 
o xposnt  o . 

Othov  otlools.  I'.ilv  ot  al.  stinlioA  tho  oltoot  ot  pUospono 

U>  U'- 1 1 . ■'00  mp.  Ill''  on  poitnsoO  Oop  limps  aiut  t v'lnul  no  otianpo  in 
soO  iniont  at  1 on  rato,  visoositv,  aiul  ooiulno  t iv  i t v ot  blooO  aiul  plasma. 

J . Bono  Marrow  I'han^os 

i' onion  ot  .1 1 . u' ' oxposoO  Oops,  o.its,  i.il'Bits,  pnino.i  pips,  anO  i.its 
to  0.'l-',J‘'  mp  litor  ot  phospono  tor  iO  minntos.  I Im  oxposnro  pio,tuoo0 
oonpostion  in  tho  Bono  iii.iiiow. 

Unm.ins  oxposoO  .lo  o i Oont  .i  1 I v to  pliospoiu-  siiowo,!  livporomi.i  in  Bono 
m.i  r row  t IJ  K 

' , I mmiino  1 oj^ i o B t t oo  t s 

No  roports  woro  t .'inui  on  t'no  o t t oo  t ot  phospi'iio  ,'n  tho  iiimuino  1 op  i o,i  I 
svstoin  ot  xpor  iiiiont  a 1 .inim.ils  ot  linm.ins. 

. I'ontral  Norvi'iis  S^stom  tiN.''^  Kt  loots 

Now  ,lo.il.nKl  whiti'  r.ihhits  ihoth  soxos'  wi'ro  oxp.'si'O  I,'  pli.'spono  at  ''0 
ppm  tor  1*  minnti's  .iiul  JlH'  ppm  toi  *'  miiuilos,  I'h.inpos  in  tho  total 
olootrio.il  .lotivitv  ol  tho  oorvio.il  svmpathotio  noi  vo  hotoio  .in>i  .ittoi 
passinp  woro  rooorOoO,  l'h«'  O.ita  showo.l  .,  sipnitio.ini  Oo.io.iso  in 
svmpathotio  norvons  svstoin  .lotivitv  in  I'xposoO  .niini.ils.  In  ovi'i  v oaso, 
pross  ohsorvat  ion  ot  tho  limps  -it  tho  oiul  >' I tho  oxpoi  imonl  loxo.iloh 
oonpost  ivo  ohanpos  ot  tho  p.itohv  hvporonu.i  t\po,  nsnalU  linuto.l  in 
.-xtont,  I'ho  authors  oono  liutoil  th.it  phospono  toxioils  w.is  .m  os.implo  ot 
.loiito  pii  Inionarv  oiloma  rosnltmp  t roin  .i  hvpo.iotivo  ssmpathotio  ,'i 
noiirop.ira  Iv  t i 0 stato  in  tho  host  t I 


s 


llu'  obsorvat  ions  ot  Ivanlioo  aiui  Mi-yor  U5)  woro  oon  1 i niiod  iin  part) 
by  tho  work  of  Frosolono  (14)  who  sliKiiod  rat  liinss  tollouiiijt  oxposuro  to 
1000-  -♦JlIO  ppm/min.  Klootroii  mi  orosoop  i o oxamination  iiniioatod  tlio 
prosonco  of  i iitorst  i t i a 1 I’di'ina;  tbo  authors  boliovoii  tliat  tho  autonomic 
norvous  system  mij;ht  iiniood  play  a significant  roll-  in  tho  appoaranco  of 
this  abnonnalitv. 


Dogs,  cats,  rabbits,  guinea  pigs,  and  rats  exposed  to  O.-r-J.H') 
rag'  liter  ot  pluisgene  tor  dO  minutes  showed  hyperemia  and  edema  in  the 
brain  tissues  between  the  ,’th  hour  and  J-day  pos  t -exposure  period  (1). 

In  humans,  accidental  exposure  to  phosgene  resulted  in  subarachnoid 
hemorrhage,  cellular  degeneration  in  gray  matter  and  generalised 
hyperemia  extending  up  to  the  white  matter  (1111.  Other  observers  have 
reported  "ring  hemorrhages"  in  the  brain  (11,10,1/). 

1 . behavioral  Hftects 

Oaldston  et  al.  (18)  reported  studies  of  b cases  of  acute  exposure  to 
phosgene.  Kach  patient  received  physical  and  psychiatric  examinations, 
fhe  men  were  exposed  tor  briet  periods  to  phosgene  (exposure  time  and 
dose  were  not  specified).  The  authors  felt  that  psychological  factors 
were  contributory  (to  some  degree)  to  the  lingering  svmptomato logy  wlien 
patients  were  examined  Id  months  later.  Some  nervousness  and 
hypivhondr  i aca  1 behavior  were  also  observed  in  j'atients  wtio  survived 
acute  exposure  to  phosgene  (dose  and  duration  ot  exposure  not  specified) 
(11).  These  reactions  were  present  4 months  alter  exposure. 

b.  Cardiovascular  Ktfects 


I’ulraonary  irritation  and  pathology  incident  to  phosgene  poisoning  may 
produce  marked  circulatory  disturbances  not  unlike  those  seen  in  shock. 
Many  of  these  effects  have  been  described  in  papaers  by  Underhill  tld), 
Delepine  (20),  Croll  (11),  I’att  et  al.  (21),  Cameron  and  Courtice  (8), 
Meek  and  Kyster  (7),  and  Cibbon  et  al.  f22). 


la  da>;s,  tlu-  umiu'il  i at  a a 1 1 ao  t ot  plu'sgiMU'  poisoning.  tiU)-.i‘)0  mp,  iii 
t /S-SV  ppm,  Ml.O)  was  tlu-  laworiap  ol  pu  I si-  rati-  t t rom  40  t 7‘) 

boats/nua),  wli  roturai-O  to  aonual  bv  tlu-  ath  or  bth  hour  at  tor 

f;assiat;.  I'lio  lu-art  rato  also  iaoroasoO  t 1 SO  boats  bv  17  hours 
pos  t -pa  ss  tap  1 . llu-ro  was  oviOoaoi-  ia  somo  oases  that  the  liiph  heart  bi-at 
rato  rosultoO  la  a oiroulatory  tailuro.  la  suoh  oasi-s  the  pulse  rato 
JroppoJ  very  rapiOly  t »’  a piiijit  ooas  i ,lo  ra  1 ly  below  aormal,  wh  ioh  oausoO  a 
drop  la  body  temperature  aaO  resulted  ia  lieath  t,  1 4 ) . 

la  aaother  stiuly  (7),  Ji'ps  wer,-  subioeti-d  tor  SO  miautes  to  air 
eoataiaiap  SO-lOO  ppm  ii  t phospi-ae.  This  was  suttieieat,  with  rai'o 
exeeptioas,  to  proviuee  lU-ath  withia  7a  hours.  Ajteruil  pressure  was 
reeorvied  every  halt  hour.  As  a rule  the  blood  pressure  praduallv  rose 
duriap  the  tirst  halt  ot  tin-  experiment  { ‘i  hours  atter  passiap’) 

iaereasinp  about  lO:.  abovi-  the  aorm.i  1 . I'here.i  t t or , it  tell  praduallv 

re.iehiap  aormal  .it  the  bth  hour  atter  passiae,.  Atter  the  bth  hour,  the 
decline  became  extremelv  rapid  until  the  animal  died.  I'he  venous  b Kuul 
pressure  w.is  touad  to  be  rather  variable,  con  t orm  i ac,  on  the  whole, 
however,  to  what  one  mipht  expect  t rom  the  arterial.  Ihiriae,  the  leap 
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beats.-mia),  but  rose  pr.iduallv  tlu-reatter  t7  hours  .itter  p.assiap''  until 
de.ith,  tO  hours  .itter  passiap. 

A rel.it  ive  ea  l.irpemeat  ot  the  i ipht  .luricle  .aid  Vi-atricle  was 
observed  iimied  i .t  te  ly  atter  p.issiap.  This  was  tolK'wo.i  bv  pradu.il 
reduction  ia  si.ie  ia-b  hours  p.'S  t -pas  s iap  1 duriap  the  onset  ot  pulmoa.iry 
edema.  .last  betore  death,  the  heart  was  apaia  ealarped  171. 

I’at  t et  al.  i71)  studied  the  heiiK'dy  aami  c s ia  dops  tolU'wiap  exposure 
to  phospeae  in  concent  rat i inis  ot  0.4-0. 7 mp/liter  tor  10  miautes.  The 
indices  studied  included  pulse,  arterial  aiul  venous  bUiod  pressures. 


ri(;lu  vent  r i 1 11 1 .ir  pri'ssuto,  circulation  time,  and  ar  t or  i a 1 -viuious  oxygi-n 
J i 1 1 crcnco . The  raeasuii'iiu-nt  s were  made  every  J--V  hours  until  the  animal 
died  or  recovered.  Similar  measurements  were  made  in  untreated 
controls.  In  soiiw  do^s  (.treated  and  untreated),  sever.il  vessels  were 
directly  visualized  to  explore  the  possihility  ol  vascul.ir  spasm  I'r  red 
cells'  agft  1 omera  t i on  .ilt<‘t  phosc.uu'  poisiininj;.  Tliis  was  also  done  on 
cassed  rats. 


ile.irt  rate  decre.ised  p rec  i p i t ou  s 1 y with  gassini;,  then  slowly  rose  to 
or  ahovi-  the  initi.il  v.ilue.  The  early  bradycardia  which  occurii'd  w.is 
probably  a ret  lex  response  to  irritation  ot  the  respiratory  passages.  It 
was  not  observed  tollowing  bilateral  vagotomy  or  a t rop i n iz at i on . No 
clear  dillerence  in  pre-  I'r  pos t -gass i ng  pulse  was  seen  between  the 
vari.iis  groups  ot  treated  animals,  based  on  survival  time  or  treatment. 
(Jompar.ible  t achyc.trd  i.is  were  se^ui  in  surviving  .ind  dying  animals. 

.■\1  though  the  tachycardia  observed  in  the  later  stages  alter  gassing  was 
probably  due  partly  to  the  severe  anoxia,  no  clear  relationship  was  lound 
between  the  degree  ot  anoxia  and  the  extent  ot  tachycardia.  Heart  rate 
decreased  and  was  irregular  as  de.ith  ..pproached,  but  res(' i ra  t i on  tailed 
betore  c i rcu  1 .'it  i on,  the  heart  continuing  to  beat  tor  some  minutes  alter 
respiration  ceased. 


The  arterial  pressure  tell  distinctly  and  progressively  with  time 
alter  gassing,  while  the  venous  pressure  was  not  s ign i t i cant ly  atlected. 
No  rise  w.as  tound  in  the  right  ventricular  pressure  (.To  dogs). 


I’u Imonary  circulation  time  was  increased  on  the  average  by  two-thirds 
at  8-12  hours  alter  gassing.  Spasms  were  vibserved  in  the  systemic 
ves.se  Is  and  scleral  vessels  ot  gassed  dogs. 

The  nature  ot  phosgene  death  was  l-asically  asphyxial.  tlassed  animals 
died  when  the  venous  oxygen  approached  zero,  with  arterial  oxygen  tailing 
in  parallel.  Death  was  ivassionally  preceded  by  enl.irgement  ot  the  right 


and  left  ventricle.  It  is  believed  that  the  change  in  tlie  heart  size 
(particularly  the  right  side)  is  due  to  clogging  of  the  capillaries  and 
veins  with  red  blood  ceils,  w)i  icii  greatly  increases  pu)mijnary  resistance 
and  the  work  of  the  right  lieart  (7). 

Cameron  and  Court  ice  (8)  exposed  dogs  to  440  mg/m^  of  |)hosgene  lor 
JO  minutes  and  noted  that  during  the  breatliing  of  phosgene,  the  blood 
pressure  fell,  probably  due  to  the  vagal  reflex  slowing  the  heart.  Alter 
exposure  to  phosgene,  the  blood  pressure  generally  rose  somewhat  and  then 
fell  as  hemoconcentrat ion  and  anoxia  progressed. 

Pulmonary  arterial  pressure  in  phosgene  poisoned  cats  was  measured  by 
Gibbon  et  al.  (22)  using  the  inarsup  i a 1 i zed  heart  preparation  techni<)ue. 
The  prepared  animals,  each  paired  with  a control,  were  exposed  to  varying 
doses  of  phosgene.  The  concentration-time  (Ct)  products  of  exposure,  in 
m 1 1 1 ig rams /mi nu tes  per  liter,  weri*  selected  to  produce  varying  degrees  of 
severity  of  poisoning  and  edema.  The  mean  concentration  was  0.29 
mg/ titer  7Z,  the  duration  ot  exposure  (up  to  JO  hours)  being  varied 
from  8.3-13  minutes.  At  intervals  alter  g.issing,  blood  pressures 
(pulmonary  and  femoral,  right  and  left  auricles),  pulse  rates,  and 
respiratory  rates  were*  taken.  the  pulmonary  arterial  pressure  rarely 
rose  above  the  pre-gassing  values  except  terminally;  the  tendency  was 
toward  a fall,  synchronous  with  the  syst(>mic  pressure.  There  was  typical 
bradycardia  immediately  after  exposure,  but  thereafter  the  pulse 
respiratory  rates  were  variable.  Measurements  of  pressure  in  the  right 
and  left  auricles  indicated  no  essential  changes  from  gassing. 

In  one  report  of  two  men  who  died  19  and  22  hours  after  accidental 
exposure  to  phosgene,  cardiac  dilatation  was  observed  at  autopsy  (20). 
Autopsy  reports  of  World  War  1 warfare  gas  victims  showed  the  occurrence 
of  subendocardial  and  subper i card ia 1 hemorrhages,  and  thrombosis  of  the 
pulmonary  vessels  with  thrombi  attached  to  the  cardiac  valves  (13). 
Additionally,  in  one  human  study  decreased  blood  pressure  and  tachycardia 
we  re  seen  (11). 
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li  i I'lliiMiii  i;i  I iiiiil  It  i si  ihIiimiu  i;i  1 I't  toils 

MoihI.  Ailii  1 1 iiisto  r.ihl'its  U'.’  snim.ils^  woio  oxposoil  lo  .‘i/O  mp./m 

VI)/  ppm'  >' I plu'sp.oiio  lor  10  luimilos.  Tlio  .iiiim.ils  i h.ii  siirvivoil  woio 
.ino s 1 1)0 1 1 /. Oil  aiiil  l>  1 ooO  s.imploil  loi  soilmm,  oliloiiilo,  loi.il  li|'iils, 
iioiitisl  tots,  lot.il  l.illv  .iiiils.  lol.il  olii' 1 os  I oi  o 1 . 1‘sloi  olio  1 os  I oi  o I , 
tioo  oliolostoiol  .Hill  pllos  plio  1 op  i >1  s . I'lio  lovols  ol  oliloi  i Oo  .iiul  .ill 
lipiils  oKoopt  iioulr.il  l.il  WOIO  .il'ovo  ooiiliol  lovols  I It . 

! 

Ill  lol'l'ils,  ilov.s,  .Hill  p.o.ils  ovposo.l  lo  lO  inp.  m ol  pliospoiio  loi 

10  miiiiilos,  ,1  1 .1  1 1 was  olisorvo.l  iii  In.  .i  IImi..m  ii  .iiul  plol'iiliil  liaolioiis  ol 

I Iio  1' I ooil  pl.ism.i  liolwooii  ■>  .'i  lioiiis  p.isi  oxposmo.  I'li  i s was  assooialoil 
Willi  .1  ilooro.iso  111  pl.isiiia  voliuuo  ilui  iii}',  loini.it  loii  ol  pu  liiioii.ii  v oiloiii.i  |s<' 
.Soo  I I on  S - pn  liiioii.i  I V f I I ri.1  a v.isoiil.ii  po  i nio.il' i 1 1 1 v ami  <•110111.1 
I 01  111. It  1 on'  1 8 ' . 

Oa  1 V ol  .1 1 . ^ ' sliulioil  llio  o I 1 00  I ol  pliosp.ono  idlO  1 1 , ‘'Oil  iiif.  111  ' 

on  piTlnsoil  iloi;  liiiii'.s.  I'onliniions  iiit-asmoiiionl  s woio  iiimlo  on  liomo)'.  1 ol' 1 n 

iron  lovols.  uro.i,  lol.il  nilrop.on,  non  proloin  niliop.on,  oliloi  lOo.  .iml 
pioli'in  ol  pl.isiii.i.  riio  rosnlls  sliowoil  I lial  ilosos  ol  pliosp.oiii'  snllioionl 
lo  o.inso  ilosiinam.it  1 on  ot  tlio  I' 1 0110  li  i .1  1 mnoos.i,  sovoro  I'lonoliio- 
00ns  I I I o I 1 on . anil  inoro.iso  in  0 i ron  1 .1 1 01  v h 1 ooil  volnmo  ol  I lu'  linip.s, 
osorl  no  s i p.n  1 I 1 rani  o I I or  I s las  romp.iroil  lo  ronliol  Iniip.s'  on  llio 
plivsiorliomir.il  slalo  ol  llio  I'looil. 

Ill  Innii.iiis , .irnlo  oxposnro  lo  pliospono  llimo  .iml  ronroni  1 at  1 on  not 
sporilioiO  rosnlloil  in  ilop.onoral  1 vo  rlianp.os  ami  prosonro  ol  liomalin  in 
llio  sornm  in  pal  lonis  oxaminoil  .'-‘i  hours  .illoi  oxposnio  i.’-i'. 

8.  Kl  loots  on  lloily  Woij^lil  , Origans  ami  I'issnos 

Hoilv  Woijjlil.  I'horo  woro  no  ropoi  I s on  tlio  o I I or  I ot  .irnlo  pliospoilo 
oxposnro  on  I’oilv  woip.lil  ol  o xpoi  iiiiont  .1  1 aiiim.ils  or  Inimans. 


\\\  luuniai  V 1 t t'i- 1 s 


Tvilmonaiv  Kuuvt  ion.  lln*  i‘.u  luvit  pUv  s i o 1 o>‘ i ^ a i v\>nsi*4|nfiu  •*  o{ 

(>(i  liuonai  Y i'vli*ma  is,  uintimtM  t'll  I v « an  iiuiiMSt*  in  t lu*  i »•  s i s i an^*»‘  Jo  ^’.as 
\ii  tins  ion  avM  v>ss  (lio  Inii).’,  momlMaiu'.  ion^;  aiui  tiat  rli  ( ) t t oti  (hat 

it'iliu  t ion  in  I tio  lalo  vM  i'l'  l»v  I lio  Inny,  I issno  was  an  I’ai  Iv  aiiii  s<*nsit  ivo 
tost  ot  impaiioJ  pnliuonatv  ttiiiotii>n  ti>llowiny,  i‘S|n>snii'  1 1'  iiiitants  snoli 
as  pliosyo'"‘‘‘  tills  tt'st  lats  woio  osjnnn'»l  to  pliosyo***'*  lovols  ot  l>.'* 

p(Mu  I vM  U)  liiinutos.  TlitM  o v»fas  a ilts' i oa:*oil  uptaki*  o\  wh  uli  was 

t' i oy.  1 1*  s s i VO  t vM  ('  honis,  lollv'woil  l>v  y,i  actual  it\i»voiv  ( lu‘ i tM  t I <•  i . 

I'ho  assossiuoni  ot  mu*  i osvi'p  i o oliany.o-’  so«‘m  in  tlio  Inny,s  showt*^l  a 
ivni)'.h  ooiuMatU'ii  witli  t ho  may.n  i t into  ot  t lu*  lo..s  in  t ho  vapvu  ilv  I i> 
at'Siut'  hn  ( tin*  ay.ii'omt'nt  was  host  t i>i  llu'  hiy.lu'i  osj'osnio  l«>vols 

whuh  pivnliuovl  sovt'io  Inny,  hamayo**  I'ht*  lunyai  ot  animals  o\j'osoh  to  low»*! 

ot>no  on  I I .1 1 uMis  ppuO  wi‘i<‘  h i s 1 I v'y.  i oa  I I v not  voiv  hilti'iont  I i om 

OiMiliols,  hut  I ho  1 1 oapaoilv  to  at' soil'  TO  was  s i y.u  i I i oajit  Is*  low<‘i  than 
iOntu'ls.  this  r;uy,ya‘sls  that  t lio  v hany.o  in  <0  nptaki'  piovut<*s  a iiu'i  i* 

sonsilivo  iiuii'\  ot  (ho  l»i*y.  t nn  in^y  o(  puhtu'iiaiv  impaiimont  t ^ , 

IK'y.s  K U animals^  wtMo  o\posot!  to  plu'sy<M\i‘  oonoinitiat  ions  avoiay.iny, 
IKJ'*  my.  lili'is  v/.'.O  ppm'  I oi  Ht  rniimti's.  Imuu'vt  i at  o I v allot  ovposnu'  l«» 
phos^ono,  thoio  was  .i  tiansunit  tall  in  tho  owy.on  satniatu'u  v't  tin* 

arioiial  I'U'i'h*  pu'sumahlv  hiu*  to  h i imuIi  u' l ai  ot'nsi  t u*  t i on.  This  was 
lollowt'i!  hv  pioy.iossivo  pulmonaiv  t‘\loma,  uh'W  pu'lv'uiul  aiu'Xi'iuia,  aiul 
JiMl  h ^ ^ . 

All  iiu  ioaso  in  lospiiali'iv  into  was  ohrU'ivoA  hv  Mi'i*lv.  aiul  l.vstiM 
III  »h'v;s  osposisl  tv'  ht)  UU>  ppm  ot  phosy.iMU*  ti>i  minnti's.  Iliis  inouMSt* 
toni  innoil  thiouy.honl  tiio  10  lu'ui  post  y.assiuj*.  pi'i  u'h  unt  il  t l\o  OiMlh  ot 
t iio  an  ima  I . 

rtio  ai  ( U'U  i't  pln»sy,<*no  i»n  isolator  p»>itusi'il  luny.s  ot  vtoy.s  ospv'SoA  tv' 
('10-Il,‘'00  m>;  m i't  plu's^i'iio  was  slinlioil  I'v  ha  1 v I’t  al.  1**1.  t'hos*' 
sltiilios  iiiilualo*)  a maikinl  lOihutii'ii  in  t i ila  I aii  aiiil  an  MuiiMSi'  in  tho 
i'lii'ulat  i ny.  hloi'il  volumo  i't  tiu'  Inny,. 

I I 


r 


,iiul  l.iu’ t si'lii' 1 ml  fill'  I'O,  ill  iirii'i'ial  1)  I luul  .iiul 

.1 1 vi'ii  1 .11'  air  III  luiniaiiM  axposi'il  lo  iiluiwip'iii’  ( I'niioiMit  rat  i ini  luit  ^ivi'ii)  w i I li 
plV,  ill  iiiU'Xjuiai'vl  siil'ii-rts.  Tlir  aviMap.i'  pO  , valiu's  tar  iuiii-i-xpiis«Hl 
siilijcrts  I I ')  a nil  i I'l- 1 s ) wara  ‘li  iimi  lli',  1 ar  alvai'lar  air  aiul  'Hi  imii  lip,  lar 
arlarial  tilaiul,  wtiila  in  tlia  axpa.ail  p.ianp  1.  S .aiili  jar  I s ) tlia  alvaalar  air 
aiul  arlarial  hlaail  pi',  avaiap.ail  '•  i mil  lip,. 

In  ana  iiistaiu’a,  .u'a  i .Umi  I .i  1 axpaaiiia  ii  t .i  ‘♦t)*-Vi’ar“a  U1  man  la  |iluisp,i'iu’ 
I aiiiu'i'iit  iMl  i an  nal  m pt'i'  i t i inl  ) rasnltaii  in  .i  savara  ilaari'asa  in  vital 
aaiiaaity  t pii  liiianarv  1 w i t li  .i  p'.railnal  ratnrii  la  nariii.i  1 ( I iOO  ml  liy  tlia  Jinl 
haspital  ilav  : til /a  ml  liy  ilia  'itli  ha.apital  ilay ) . Tliara  wan  an  a.asaaiatail 
.laaraa.aa  in  pl.isma  valniiia,  .is  iinliaatail  liy  tlia  liip.li  liaiii.i  t aa  r i t v.iliia 
I'l/v)  .iiul  Ilia  1 1 n i il  i 111  a k a-an  t pn  1 ratia.  This  llniil  was  almast 
pasitivalv  sai|  na  s t a rail  in  Ilia  limp,  s.  .St  ml  i as  at  artari.il  li  I aail  Jisi'lasail 
savara  livpaxami.i  anil  p,  1 naas  nr  i a iJii). 

• Mala  Wist.ir  r.its  wara  axpasail  ta  tl.'i— i.O  ppm  al  pliasp,ana 
lar  varyinp.  lan,v,tlis  al  tima  raipi  i iij;  tram  minntas  ta  8 lianrs  111/ 
animals^.  I'liara  wara  18  niu'x|iasi'il  aiintrals.  All  animals  wara  k i 1 I ail  in 

p,riinps  al  1 .it  ‘i  minntas  t ii  8 lianrs  a 1 1 1' r t'xpiisiira.  t'na  p.ri'iip  iil  rats, 
wliiali  w.is  axpasail  t a ..’.I.’  ppm  pliasp.ana  lar  80  iiiinntas,  was  killail  1 manllis 
altar  axpasnra  aiul  aiiatliar,  axpasail  la  1./  ppm  at  pliasp,aiia , was  killail  at 
•'i,8,J'i  aiul  -t8  lianrs  altar  axpasnra  la). 

Tlia  a.ii  liasi  ,1a  I aa  t a li  1 a lasian  invalvaii  tlia  raspiralarv  1' ranali  i a 1 a 
wliiali  hail  t li  i akaii  i np.s  aiul  i na  ra.isail  aallnlaritv  a I its  w.ills  that 
inara.isail  with  tima.  .Alvaal.ir  lulaiiia  was  i ii  1 raiinaiil  1 v anai'unt  aiml  at  hip.h 
ilasas,  hill  whara  lainiil,  it  was  ai'iiiman  ly  a s saa  i a t ail  with  aanta  pnaniiiaii  i a . 
lull. it. It  inn  al  small  ilasas  rasnlti'il  in  ahrania  ravarsihla  piiaiiman  1 1 is. 

Hayil  .mil  I’ai  i v 1-1  1)  axpasail  mala  rahhits  ta  -/O  mp,  an  in/  ppm)  at 
pliasp.ana  I ai-  10  minntas.  Tlia  survivals  wara  axamiiiail  li  i s 1 a 1 ap  i a.i  I 1 v at 
t>-/  .Hill  lt>--'0  hams  .i  1 1 a r axpasnra.  A mi  1,1  ailama  al  tha  Iraaliaa, 
h raiuli  i a 1 as , ami  .ilvaalar  t issnas,  as  saa  i a t aO  in  tha  last  aasa  with  sama 
aanp.asi  i an , amphvsaiiia  aiul  aant  raa  t i an  al  .irlarias,  was  ahsarvail  al  n-/ 


hours  .1 1 1 o I oxi'osui'o.  At  lu-.’ll  houis,  oiloin.i  h.iil  in.iikolly  i iir  i o.i  siul , 
tliiTi’  w.is  moro  onipliv  soiiui  uii>l  lioinoi  i h.iy.i- , t ho  jni  liiioiiui  v .iitoiios  woto  loss 

oontraotoh  aiih  thoro  was  li-ss  ohiuna  lu  t ho  hroiiohiolos  aiih  IraoluM. 

Mi'ok  .lUvl  I'.vstt'r  t/)  t'xposiui  vlo^ts  tor  U1  iniiiutt'S  to  piuis^'.ouo  at  ht)-[t)() 
pi'iii  oonoout  rat  i v>ii . II  i s t o Ui;;  i oa  I oxaiiii  uat  i vui  i' t t lu-  limps  ot  passiul 
animals  icvoalisl  si'voio  minis'  to  t lu'  lowor  lospiialorv  passapos.  I'liota' 
was  c'oiisli  i 1' t i on  oi'  spaiiiii  sit  tho  small  hisnu' h lo  I os  with  tin*  as’ s' ompanv  i up, 
a t s' 1 s's' t as  i s aiul  s'mphvss'ma.  llis'ii'  was  s'sh'iiia  sM  osnms's' 1 I Vs'  tissiis-;  t Im 
alvs'sili  wors'  iris'pnlar,  tlis'ii  iiis'iiih  raiii's  ws'is'  injnis'si,  aiul  in  manv  s'.isi's 
thi'V  s'oni  a 1 Ill'll  I'xiiilato.  Ihi'ii'  w.is  s'loppinp  s't  sap  I 1 I ar  i I's  with  ii'sl 
s's' 1 I s , ri'sn  1 1 1 lip  ill  i ns' ii'asi'sl  pii  Ims'ii.irv  is' s i s t .i  lU' s' . 

■Ailiilt  moiipis'l  slops  ws'ii'  s'xpsisi'sl  til  i’a-'ttl  ppm  ii  I phiispi'iii'  in  air  lor 
U)  minnts'S  aiul  sas' t i I i s'l'il  1-.’  shis's  lati'i.  llu'  limps  wi'n'  ii'inovi'sl  ami 
I'xami  Ill'll  h i s t o 1 op  i I'a  1 I S' . I'.xsi'pt  I in  Ills'  p ri'si'iu'i'  sit  h roiuh  i si  I 1 1 is  ami 

pi' r 1 h rolls'll  ill  1 1 1 i s involviiip  ti'i'miiial  ami  ii'S  p i r;i  t sir  v hrom'h  is>  1 os  , tho 

limps  wi'i's'  sithi'rwiso  normal  tJ'M. 

Kiioiit /.  till)  passi'ii  ships  with  phospi'iu'  at  tlii'  iiiiiiimal  li'lh.il  sUisi'  tnot 
spos' i I i i'll ) ami  slmlii'sl  ')'<  survivors  tor  ptiiss  pat  hi' 1 op  i sa  I ihaiipi's.  I'ho 
animals  won'  kills'll  al  inti'ivals  t rom  .’-tit)  wi'i'ks.  Ahsnit  /.'i.  si  I tlu' 
animals  shows'il  lU'  piiuss  .ihiiorma  1 i I i I'S  , wliili'  Ills'  i I'liia  i n i up  sluiwi'il 
I'liiphy  si'ina  , piii'iiiiKmia.  I'onps's  I i sin  , lu'iiisirrhapi' , I'sli'iiia.  tiansii'iit 
hromhiiilar  plnppinp,  anil  a t s' 1 I's' I as  i s . 


I'nr  1 Is' 111' r aiisl  hunt  i np,  lJt>  ) I'xposi'sl  11  slops  tiiisnip,  n' Is  ) t s'  ll..’'* 
mp/  liti'i  s't  phi'spi'iis'  lor  It'  minntos.  tln'ss  limlinp.s  i its- 1 mli'sl  I'lli'iiia, 

I'liipliv  si' Ilia  , at  s' li'i' t a s i s , ami  s'l'iiso  1 i slat  i s'li  s' I inio  I'r  iiii'ii'  liilu's  I'l  tho 
limp  slays  atli'i  I'xpsisnri'.  AsKl  i t i I'lia  I 1 v s "I'h  1 i t s' rat  i vi'  h i I'lisli  is' I i t is" 

was  Is'iiml  with  tils'  involvosl  liihi's  shs'winp  sliltnsi'  moni'iiiis' 1 1'a r I'xmlalo 
within  tho  alvi'i'li,  pins  I os' i s't  t h i s'ki'ii  i up  ami  orpaii  i.'.  at  I s'li  s' I Ills' 


alvoi'lar  walls  si'iiipi'Si'il  s't  larpo  nii'iioiuii' li'sir 


1 I 


I 


s's' 1 Is  ami  ys'iinp  t i h is'l' 1 ast  s . 


Coiiu'U  ot  al.  U)  I'xpo.si'il  (.loj;s,  cals,  lal'hils,  nuiiu-a  pin-'*  cats  I,' 

varying;  concent  ra  t i oils  ol  ptiosgcno  iiij;/  I i 1 or  ) lor  U)  minnlos  ainl 

k i 1 1 oJ  tiu'iii  at  ilillorcnt  t i rao  intervals  alter  exposure  (.t) . IH-S  . ‘)A 
honrs).  I'lie  lnnp.s  were  ri’iiioved  in  t o t o aiut  examined  histologically.  The 
coiirsi'  ol  phos(;ene  poisoninp,  was  divided  arbitrarily  into  three  (ihasi-s: 
the  incipient  staae  extemlinp,  1 roiii  jjassinj;  up  to  2-b  hours;  the  critical 
sta;;e , diiriiift  which  the  majority  ol  deaths  occurred,  extendinp,  to  ilay  i 
alter  p,;issin);;  and  the  re^;ress  i ve  or  rt-parjitive  sta^',  extetulinp.  t rom  t lu' 
ath  day  onward.  Ihe  time  ol  comi'letion  ol  n-pair  was  uncertain,  and  the 
resiilue  oi  phosgene  wa.s  ri'g.irded  as  the  terminal  stage  ol  rep.iir. 

The  incipient  stage  was  charac  te  r i c,eil  by  emphysi'ina,  necrosis,  aiui 
sloughing  oi  bronchiolar  mucosa,  perivascular  and  pi'r  ib  ri'nch  i a 1 edema, 
congestion  and  alveolar  edema,  thickening  ol  bronchiolar  iiuMubrane  ami 
b ronch ia 1 -b touch io 1 ar  constriction.  Neither  bronchiolar  plugs  nor 
emphysema  could  be  related  spatially  with  alveolar  edema,  and  all  lesions 
in  this  phase  tended  to  be  witluuit  pta’ I erent  ia  1 I oca  1 i,;at  i on.  There  was 
no  way  ol  dt'ciding,  wht'ther  tlie  iluid  in  .j  given  .alveolus  arose  1 rom 
surrouniling  or  more  distant  capillaries.  No  lesions  were  1 ound  in  1 hi' 
ex trapu Imonary  tissue  in  this  incipient  st.ige,  and  there  was  no  evidence 
ol  damage  to  the  c.ipillary  endothelial  cells. 

A similar  observation  was  made  by  Daly  el  al.  id)  on  intused  dog  lung 
preparations  exposed  to  phosgene  ( b U)- 1 1 , btlO  mg/m  1.  Under  the 
conditions  ol  these  experiments,  the  p.it  ho  1 og  i ca  1 ch.inges  |>r(>duced  by 
gassing  with  phosgene  were  conl’ined  to  the  bronchi.il  lubes. 

In  the  critical  stage  ol  phosgene  poisoning,  the  animals  thal  died 
during  the  lirst  48  hours  alter  exposure  had  Iroth-lilled  trachea  and 
tluid-t’illed  bronchi.  Hi  is  1 i ml  i ng  w.is  relateil  to  the  abrupt  release  ii  1 
large  amounts  ( “iOO  ml)  ol  Iluid  via  the  trachea  immediately  belori' 
death.  The  mucosal  surtaces  ol  the  trachea  and  larger  bronchi  were 
usually  smooth,  anil  the  pleural  cavity  was  usually  1 ree  ol  Iluid  IJ). 
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(.irt'ssly,  till'  Uiii>;s  wiMi'  anJ  niotlli'ii.  I'lu’  mi  croscop  u-  pii  InuMiarv 

li'sions  i III.' 1 udi'il  pri'si'iu'i-  o I ci's  i lu'pti  i 1 i i-  ^laiuilar  iiia  t cr  i a 1 aiul  tihiiii  in 
till'  lUiiii  tillinp,  tin’  alveoli,  lioiiioi  rhap,  i o areas  on  (lie  alveiilar  snilaee, 
necrosis,  aiul  s 1 oiip.h  i np.  ot  I'ronchiolar  epitlielium  aiul  inlense 
in  1 1 aninat  orv  lesions  in  the  hroncliioles  t I'neumon  i t i c responsi')  which  were 
generally  local  hnt  occasionally  i.littnseil  with  scattereii  cellular  ami 
lihriiu'iis  exiulate.  These  lesions  were  identical  rep.iri.1  K’ss  ot  species 
aiul  the  varyinj;  coiulitions  ot  I'xposnre  aiul  appeared  to  represent  merely 
the  toll  lieve  lopment  ot  the  earlier  chanpes  til). 

In  animals  th.it  sniviveil  nut  il  the  thiril  ilav  repression  ot  the  eilem.i 
•iiiil  conpestioit  appi-areh  to  have  hepnn,  hnt  the  cellular  exiulate 
lri'i|nently  increaseil  in  severity  aiui  extent.  These  animals  tlJl  hops) 
wei'i’  examined  hetwei-n  t aiiil  1 Jti  hays  alter  exposure.  Typically,  the 
repressive  chanpes  consisti'h  ot  prahual  himinutii'ii  ot  the  amount  ot  tluivl 
in  the  alveoli  anh  rehuctioii  i' t conpestion  so  that  hv  1!  wei-ks 
post-passinp  the  lunps  tailed  to  drip  Iluid  I'li  sections.  There  were  ,i  1 so 
decreases  in  leucocyte,  iikuiocyte,  aiiif  lihrohl.ist  inti  Itral  ion 
th  iMiichopneumon  i a ) into  the  alveolar  exiulate,  a return  to  normal  ot  the 
lunp/hody  weiplil  ratii',  .iiul  an  increased  t oc  ,i  1 lihrohlastic  pn' I i t erat  i >'n 
hv  2 weeks  pos  t xposn  re . The  lihrohlastic  pn' 1 i I er.it  i I'li  .ippe.iied  to  hi' 
the  means  ot  repair  ot  the  .ilveol.ir  structure,  since  .inimals  that 
survived  tor  one  month  .itter  p.issinp  showed  emphysem.i,  .ite  1 ec  t as  i s , and 
tihrous  scars.  Uy  day  hO  t,  post -exposun  ),  only  scarrinp.,  top.ether  with 
scattered  emphysem.i  and  loci  ot  atelectasis,  was  seen  consistently  in  the 
sections.  These  lesions  were  also  ohserved  in  the  hops  killed  (>  months 
alter  passiiip  t2). 
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In  humans  ti.’  workers)  wlio  ilied  1 ’>  and  22  hours  .liter  exposure  to  , 

phospeiie  Tamount  not  st.ited),  the  tollowinp  ahnorm.i  1 1 i es  were  ohserved  at 
autopsy:  suhplenral  emphysema,  tihrotic  adhesions  at  apices  ot  both 

limps,  lu'iiiorrhape  in  the  p.irenchyiii.i , interstiti.il  emphysema,  desqu.im.it  i on 
ot  hroiichi,  limited  soil  at  heroiii.i . and  peneral  conpestion  tJO).  I’leur.il 
ettnsions  were  .1 1 so  reported  in  the  .lutopsv  records  ot  lO'i  World  War  1 
soldiers  wlio  were  passed  with  phospeiie  1 1 '' ) . The  .ihove  chanpes  occurred 

duriiip  the  critical  staj^e  ot  phospeiie  poisoniiip.  | 

. 
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Autopsy  data  on  humans  in  tho  ro^i  t-ss  i ve  or  roparativo  stano  ari' 
t raKnu-ntary  and  doscribed  mainly  in  torms  ot  "b  roncliopniHimon  i a" 

( 13,32,  }J).  In  one  man  who  diod  11.3  days  alter  exposure,  the 
combination  ol  fibroblastic  proliferation,  macrophaj^es  in  the  alveoli, 
chronic  bronchitis  and  bronchiectasis,  and  residual  edema  was  almost 
identical  witli  that  seen  in  dojts  111,12). 


Vascular  Permeability  and  bdonia  formation.  Boyd  and  I’erry  (2  3) 
e.xposed  adult  male  rabbits  to  270  m>;/m^  (b7  ppm)  ot  phoS(;ene  vapors  lor 
30  minutes.  Hi  is  dose  killed  more  than  80)i  of  the  animals.  The 
survivors  were  anesthetized  and  respiratory  tract  fluid  measured  at 
hourly  intervals  and  expressed  as  ml/kg/24  hours.  Samples  collected  near 
the  time  of  tlie  animals'  deaths  were  analyzed  for  sodium,  chloride,  and 
lipid  contents. 


Measurements  on  respiratory  tract  fluid  showed  that  during  the  latent 
period  lb  hours  after  exposure),  sodium  and  chloride  levels  were  elevated 
but  the  volume  remained  normal.  During  the  e.iriy  symptomatic  period, 
levels  of  sodium  and  chloride  were  definitely  elevated  but  tlu’  volume  was 
still  normal.  Just  prior  to  death  llate  symptomatic  period),  respiratory 
tract  fluid  poured  out  of  the  lungs  at  a rate  that  averaged  bO  times  the 
normal.  Animals  in  the  last  stage  had  intense  pulmonary  edema, 
hemoconcent rat i on,  and  little  or  no  resistance  to  tlie  lethal  effect  ot 
urethane  (23). 

Cameron  and  Courtice  (8)  investigated  phosgene  poisoning  in  rabbits, 
dogs,  and  goats  to  obtain  futher  inlormation  regarding  the  process  of 
edema  formation.  The  animals  were  exposed  to  440  mg/m^  of  phosgene  lor 
10-30  minutes.  In  the  rabbit  the  fluiil  loss  in  the  lung  was  rapid,  but 
the  withdrawal  of  tluid  from  the  undamaged  tissues  into  tlie  blood  was  so 
rapid  that  the  plasma  volume  usually  fell  very  litfle.  Kor  example,  the 
mean  level  of  plasma  proteins,  albumin,  and  globulin  were,  respectively, 
3.57,  3.22,  and  2.33  g / 100  ml  of  plasma  betore  exposure  and  4.37,  2.bJ 
and  1.74  g/ 100  ml  of  plasma  after  exposure  (b  hours). 


In  the  ilej;  .ind  jto.it  , however,  the  plnsiii.i  loss  is  more  rnpij  Ih.in  the 
withdrawal  ot  thiid  I roni  the  tissue  so  that  the  plasma  volume  tails 
considerably  at  12  hours  after  exposure  and  remains  ;it  this  level  lor 
another  12  hours,  alter  which  it  slowly  rises.  Associated  with  this  fall 
in  plasma  volume  is  a risi’  in  heiiKij;  1 oh  in  and  red  cell  count.  Six  hours 
alter  exposure,  heraoconcent  rat  i on  bejtins  and  rapidly  develops.  I'he  fall 
in  plasma  protein  is  due  to  the  lall  in  the  albumin  and  j;lobulin 
fractions,  as  in  the  case  i)f  the  rabbits  IS). 

The  lymph  drainage  ot  the  lung  after  exposure  to  phosgene  was 
determined  lor  the  dog  in  the  above  studies  (6).  I'he  first  2-S  hours 
alter  exposure  the  rate  of  flow  remained  approximately  the  same,  varying 
slightly  in  different  animals,  but  thereafter  the  rale  of  lymph  flow  rose 
fairly  steeply  to  reach  a considerable  level,  which  usually  lasted  until 
death.  I'he  severity  ot  the  edema  was  reflecteil  bv  an  increased 
heart/ lung  weight  ratio  seen  at  the  time  of  death. 

Ciinu'ron  t31)  noted  that  the  mitochondria  of  the  endothelium  lining 
the  capillaries  disintegrate  ami  disappear  before  tiie  capillaries  begin 
to  leak. 

Nose  (odor  perception).  Wells  et  al.  (34)  exposed  ‘Xi  mi iitary 
personnel  (without  respiratory  problems)  to  increasing  concentrations  of 
phosgene,  until  all  subjects  could  detect  phosgene  bv  odor.  Of  the 
"technically  trained"  (no  further  clarification)  personnel,  3l)'i.  detected 
phosgene  at  b.l  mg/m^  ( I . ppm),  3t)'i  at  4.7  mg/m^  (1.2  ppm),  and  none 
at  I . mg/m^  (0.4  ppm).  Effects  other  than  odor  detection  were  not 
described . 

Another  study  involving  4 subjects  reported  the  "detection  threshold" 
tor  phosgene  as  1.0  ppm  (35). 

Other  Organs.  Dogs,  cats,  rabbits,  guinea  pigs,  and  rats  expi>si'd  to 
varying  concent  rat i ons  of  phosgene  (0.4-1.25  mg/  liter)  tor  30  minutes  and 
killed  thereafter  at  various  time  intervals  (0.38-8.54  hours)  alter 
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I’xpus  lire  showed  yon^ostion  ot  the  liver,  spleen,  kiiliiey,  .mil  intestines 
^ . ihe  adren.il  e.lands  oeeasionally  showed  small  henioi  ihajies  in  the 
n»'ilnlla  or  at  the  eor  t i eomedu  1 1 ary  junction.  These  chanj;es  were  ohserved 
hetwoi-n  the  7th  hour  .iiul  1-day  post -t  reatiiient  period. 

In  tinmans,  acute  exposure  t concent  rat  i oils  and  time  not  ^iven)  did  not 
produce  adverse  e 1 1 ec  t s on  the  liver,  kiviney,  splei-n,  stomach  or  small 
int, •Stine  in  one  study  tiU),  Ini  t in  another,  hyperemia  was  ol'served  in 
the  kiilnev,  splet'ii,  thvroid  and  thymus.  .i  1 1 hoiiyh  not  in  the  liver  and 
adrena  Is  1 1 J ) . 

Kilatov.i  et  al.  tin)  i nvi-s  t i gat  ed  the  gt'iieral  health  ot  people  who 
worked  in  an  isocyanate  tactory.  /Vmong  the  pollutants  in  the  tactorv 
atnii'spheri'  were  piuisgene  tlO.l  ppm;  ().•»  nig/m  1,  hex.imet  liy  1 en 
d i isocyan. ite  tO-0.1  ppml,  hexamet  liy  1 en  diamine  tO.OS-0.81  ppml, 
ch  1 oroheiiitene  tO.ti-8.0  ppm),  and  dinyl  l,0-.».t)  ppm).  There  was  a strong 
indication  ot  abnormalities  in  the  hearts  and  livers  ot  the  workers.  It 
was  not  possible  to  say  how  much  ot  tliis  was  at  t r ilnit.il' lo  to  pliosgeiii’, 
I’spec  i a 1 ly  since  no  ahnorm.i  1 i t i es  ot  the  liver  have  been  noted  in  anim.ils 
exposed  to  henitene. 

• tly  t o log  i c_  anil  lly  t ogenet  i c_  lyt  t I’C  t s 

No  reports  were  tonnd  on  the  e 1 1 ec t s ot  phosgene  on  mitosis  nor  on 
chromosomes  in  experiment.il  anim.ils  or  hum. ms. 

1 0 . Mo lecn 1 a r hit  ec  t s 

Ni>  reports  won’  tonnd  on  the  acute  e 1 t ec  t s ot  phosgene  on  the  PN.\, 
KN.'\.  and  protein  synthesis  in  experiment.il  anim.ils  or  humans. 

11.  Reproductive  and  Te  r a t oge  ii  i c h t t e c t s 

Ni>  reports  were  tonnd  on  the  acute  effects  ot  phosgene  on  the 
reproductive  and  embrvonic  tissues  ot  experimental  animals. 
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A cast'  has  been  icporlcJ  o 1 a Jh-ycar-o  Ui  woman,  in  Iht  7tli  montli  ol 
p rognancy , who  was  oxposotl  acciJontally  to  phosgono  lor  J hours  in  the 
a t'to  rniion . That  evening  heiiMptysis  tK'ciirretl  with  symptoms  worsening  the 
next  morning.  On  admission  to  ttie  hospital,  a chest  I i Im  was  taken  and 
pulmonary  edema  was  seen.  She  was  released  Irom  the  hospital  hetore  lit'r 
condition  returiit'd  to  normal.  Alter  J months,  she  gave  birth  to  a 
healthy  child.  I'h  is  is  the  only  case  tonnd  in  the  literature  that 
reported  on  phosgene  exposure  during  pregnancy  tJ7). 

1 2 . Mt' t abo  1 i sm 

Very  little  is  known  regarding  the  metabolism  ot  phosgene.  Its 
initiation  toxicity  is  probablv  enhanced  by  its  low  solubility,  which 
alKiws  it  to  penetrate  Inrther  into  the  longs.  I’hosgene  is  poorlv 
absorbed  in  the  nasal  passages  ot  the  rabbit  or  monkey  (S).  The  gas 
damages  the  blood-air  barrier  in  some  way,  allowing  leakage  ot  plasma 
into  the  alveoli.  It  was  believed  that  phosgene  damage  was  the  result  ot 
its  direct  action  with  sensitive  groups  in  the  tissues  or  due  tv’  ac  ivl 
release.  lUiwever,  Nash  and  Prattle  t,i8)  have  slu’wn  phosgt-ne  is  Uv’t 
absv’rbed  in  acid  sv’lutiv’n,  but  is  absorbed  in  alkaline  sv’lutiv’us  and 
solutiv’ns  Ci’ntaining  lU’U-i  on  izevl  amines.  It  was  cv'ncluded  t rv’iu  the  vlata 
v’n  the  si’lubility  and  rate  v’t  hydrv’lysis  that  plu’sgene  in  niv’lecular  liirm 
can  penetrate  all  three  layers  I't  the  bK'v'd  air  barrier  and  that  its 
ettocts  are  caused  by  nx’lecular  phosgene  and  not  by  hydrochloric  acid 
lJ9).  The  upper  respirati’i'v  tract  is  prv’tected  against  plu’sgene  by 
hydrolysis  in  the  mucous  layer. 

A number  ot  experiments  carrieii  v’u  t in  Wv’r  Id  War  11  slu’wevl  that 
phi’sgene  aftects  tissues  because  the  carbv’nvl  gtv’up  cv'mbinv'S  with  t he 
tree  amines  of  cell  enzymes  or  v’ther  critical  substances  140). 

The  primary  effect  of  phosgene  appears  to  be  an  alti'iation  in  lung 
capillary  permeability  so  that  there  is  a K’ss  v’f  tluivl  with  high  prv’ti’in 
content  frv’m  the  circulation  and  intv'  the  pulmonary  tissues.  This  lluut 
is  free  I’f  cells  ami  resembles  plasma  in  cv’mpv’s  it  iv’n  t8).  The 
accumu  1 at  iv’n  v’f  this  fluid  in  the  lung  rv'sults  in  Iv’werevl  plasma  vv'lumes. 
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(.'.inhTv'n  ,1111.1  I'lHu  twt'  U'' ' li.iVi’  slu'wii  [li.it  as  the  pii  Iiiu'ii.irv  t-Jt’iii.i 
1 n,' fi'.isi's . t lu'  Ivinph  t low  t roiti  t lio  liiti>[  is  iiio  loasoii . Hi  is  ,ii  a i ii.ii-.o 
roiito  .ipi'i'-u  s to  I'o  tho  on  Iv  ono  .iv.i  i I .it' 1 o toi  tlu-  ii'solution  ol  piv'toin 


t r.ins  nd.it  os 

1 rv'in 

t lu' 

a 1 1 

p.iss.ipo 

s.  rims 

t om  t i oo 

.ind 

i’h  1 pps  t ■ 

showo.l 

th.it 

as  sa  1 

1 i lU' 

v-an 

ho  i .ip  i 

hlv  ahsi'ihi'ii  hiro 

0 t 1 V 

i lit  v'  t ho 

limp 

0.1  pi 

1 1 ai  l t's 

1 rom 

t hi' 

a i T 

spaoos. 

si'runi  w. 

its  onlv  s 

1 OW  1 V 

ah  sofho. 

1 .ind  thon 

V l,l 

tho  Iviiiphati. 

* s • 

I'h  i s 

1 at  t o V 

I'SS 

vs  si 

and  IS  ini.ihlo 

to  so 0 p 

paoo  with  tho  pl.isiii.i  vHi  t t K'w  in  phosj;ono  poisoniiiv;.  lluis  oviom.i 
projtrossos.  oxvj’.on  ti'.instov  is  d is  t iut'<'i.l . ,iiui  .luoxi.i  losiilts. 

rUosp,t'tu'  ptoiUioi'S  piotoiin.l  sliitts  in  I'odv  w.itoi  I'v  .lot  in;’,  on  loo.il 
oxposod  o.ipill.iiv  vi-ssols.  rUo  iii.iin  toxio  .lotion  ot  this  oomponnd  is 
oontinod  to  tho  Uni>;.  sinoo  it  is  rapidlv  hvdrolvood  in  tho  pu  Inion.ii  v 
tissnos  so  th.it  n.'iio  p.issos  into  tho  p.t'iioiM  1 o i lo  n I .it  i on . Iho  inuioi  Iv  ino, 
moo  h. in  1 sill  ol  t tu'  ottoot  on  tho  linii;  o.ipill.inos  is  not  kn.'wn.  It  ni.iv  In- 
onitviiiio.  os  poo  i .1 1 I V sinoo  tho  mi  t oohoiuh  la  ot  tho  on.lot  ho  I i iiiii  h.ivo  hoi'ii 
slu'wn  to  d i s 1 nt  00,  r.it  i-  and  .lisappoar  hotoio  tho  oapillarios  hop.  in  to  lo.ik 
t in. 

1'.  t'aro  ino^onos  i s 

No  ropoits  woti'  lonnd  on  tiio  possihlo  o.iro  inopon  lo  ottoot  ot  plK'spono 
in  oxpoi' init'nt  .1 1 .inim.ils  or  humans. 
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SlUK’HKON  U'  rOXUllY  ^ slior  ( - 1 1- nn  ti’sts) 

I . lli’iiuit  o l^ii'  Kt  tiHt  s 

No  ropoits  woro  Kniiul  on  lUo  snbclu  on  io  o t t oo  I s ol  i>hos>;t'no  on 
the  lii’niat  o I op  i 0 svstoni  in  o xpor  iinont  ,i  1 animals  or  Unmans. 

J.  Uono  Marrow  r'lianpi’s 

N.'  roports  UHin^i  on  tho  snlvhronir  ol  loots  ol  pliospono  on  llio 
Uon<'  marrow  oloraonts  in  oxporimontal  animals  oi  mm. ins. 

’ . Imiiuino  1 o^  i o M 1 toots 

No  loports  woro  toiiiui  on  tho  iiimuino  lop  io  ottoots  ol  snUoliron  io 
oxposnro  ot  oxporimontal  animals  or  Unmans  to  pUospono. 

a . I Norvoiis  Systom  I K 1 1 oo  1 s 

No  roports  woix'  toiinU  on  t lio  I'NS  ottoots  ot  snUoUronio  oxposnro 
ot  oxporimont.il  animals  or  Unmans  to  pUospono. 

“> . B^liay  iora  1 K 1 1 oo  t s 

No  roports  woro  lonnJ  on  tlu-  UoU.ivior.il  ottoots  ot  snUolironio 
oxposnro  ot  oxporintont.il  anim.ils  or  Unmans  to  pUospono. 

o . Car d i oy .is o iij a r U t J^o o t s 

No  roports  woro  tonnd  on  tUo  o.ird  iovason  l.ir  ottoots  ot 
snboUronio  oxpvisnro  ot  oxporimont.il  animals  or  Unmans  to  pUospono. 
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7.  biochemical  and  U i s t ochemica 1 bttects 


To lerance . The  development  ot  tolerance  to  phosgene  was  studied  in 
the  guinea  pig  by  Cordier  and  Cord  ier  i-id).  The  animals  exposed  to  10 
mg  m i 1 . '>  ppm)  tor  10  minutes  lor  7 days  became  relatively  resistant 
to  toxic  levels  tl^O  mgm’  Ob  ppm)  for  10  minutes)  of  phosgene. 

Similar  repeatt'd  exposures  ol  cats  tt)  10-13  mg/ni'^  (1.3— J. 8 ppm)  or 
to  dO-db  mg.'m  (3-o  ppm)  for  10  minutes  every  day  caused  no  greater 
lung  dara.'ige  after  -*0  d.iys  than  after  2 days  (■♦•♦).  They  were  unable  to 
CoU*ratt'  a total  ct  ( coifcent  rat  i on-t  ime ) ol  8000  mg/min/m  (total  time, 
aOU  minutes),  even  tliough  the  hC^^^j  lor  cats  is  about  2000  mg,min/m^ 
for  one  minute. 

There  is  sv'me  evidence  that  1 ppm  of  phosgene  produces  tolerance  to 
other  irritants  (ai).  Rats  exposed  for  b hours  to  tl\is  concentration 
survived  ct's  of  ozone  and  nitrogen  dioxide  that  killed  almost  all  rats 
not  previously  exposed  to  phosgene  (5).  The  exact  mechanism  of  this 
tolerance  is  not  known,  but  it  is  believed  that  tolerance  to  high  doses 
of  pliosgene  represents  manifestation  of  pathologic  changes  in  the  lungs. 

There  is  no  information  on  the  development  of  tolerance  to  phosgene 
in  man. 

8 . Effects  on  body  Weight,  Organs  and  Tissues 

Body  Weight.  Repeated  exposure  (2-al  exposures)  of  cats  to  phosgene 
(20-25  mg/m'^)  resulted  in  weight  loss  (44). 

Fulmonarv  Effects 


Rulmonary  function.  The  effect  of  subchronic  exposure  of  dogs  to 
phosgene  was  studied  by  Rossing  (43).  Fourteen  healthy  adult  mongrel 
dogs  were  exposed  to  2. 81-4. 8b  mg/ 1 of  phosgene  in  air  for  JO  minutes  at 
the  rate  of  1-J  exposures  a week  for  up  to  12  weeks.  Transpu Imonary 
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pressure,  airway  resistance,  tidal  volume,  and  dynamic  elastance  were 
measured  prior  to  exposure  (control  values)  and  weekly  tlierealter  during; 
exposure.  Animals  were  sacriticed  at  intervals  duriiiR  exposure  and  at 
the  termination  of  the  experiment.  The  lungs  were  removed  and  examined 
h is  to  log  ica  1 ly  . 

The  dy.'.amic  elastance  rose  very  quickly,  reaching  a maximum  mean 
value  of  four  times  the  control  in  the  1st  week  of  exposure  and  remained 
elevated  up  to  the  3rd  week.  Fluctuations  set  in  thereafter,  which 
resulted  in  rise  and  fall  in  levels  between  the  4th-yth  week. 

Mean  lower  airway  resistance  also  rose  by  the  1st  week,  and  this  rise 
continued  throughout  the  exposure  period  until  at  the  12th  wei'k  the 
values  were  20  times  that  of  controls. 

Accompanying  the  change  in  lower  airway  resistance,  the  uniformity  o( 
distribution  of  inspired  air  was  progressively  disturbed  as  evident  from 
nitrogen  washout  curves.  The  decrease  in  overall  efficiency  is  best 
demonstrated  by  the  continued  increase  in  the  mean  number  of  breaths 
necessary  to  reduce  the  end  expiratory  nitrogen  concent  rat  i on  below  I'Z 
(45). 

Box  and  Collumbine  (4b)  exposed  rats  to  80  mg/m^  (20  ppm)  for  10 
minutes.  Five  days  later,  the  pre-exposed  animals  and  aa  equal  number  of 

3 

controls  were  exposed  to  lethal  concentrations  (230-440  mg/m  ; 55-110 
ppm)  of  phosgene,  and  the  respiration  rates  were  counted  for  15-second 
periods  every  2 minutes  during  a lO-minute  exposure.  Results  showed  a 
marked  increase  in  respiratory  rate  in  the  pregassed  animals,  but  no 
significant  difference  between  the  CO^  outputs  of  pregassed  and  control 
rats  during  the  5-day  exposure. 

Patho logy . Exposure  of  dogs  (20  animals)  to  24-40  ppm  of  phosgene  in 
air  tor  30  minutes,  3 times  a week  for  up  to  12  weeks  resulted  in  acute 
bronchiolitis  with  peribronchiolar  edema,  liemorrhage,  and  inflammatory 
reactions.  Kxtensive  areas  of  pulmonary  edema  wi're  also  observed.  In 
animals  surviving  for  4 weeks  and  longer,  the  inflammatory  reaction 


w.is  miuh  li'ss  v’lUit  » luu'i!  I'Iwm  r w.j  s ilUiUMi' 

h roiuli  u*  I i f IS  v.ii  V I .inJ  ;iss<u*  j .U  ctl  with  I lu*  *'I>  1 j 1 1*  i .» I i*.i 

I' rouv*  1m  v' I I's  wt'M'  altiMU.'U  \ \\y.  ati'as  ol  .it  i' I I'i’ 1 .i  s i s aiul  .lu  sj'.u**  t'ViM 
il  I s ( I i lui  ( i iin . c.'iosslv  t i/ah  l«*  t'mplivsMiia  w.is  iu>(  rv'iilcMit  (*4*^ 


I 

1 


|i 

i 


/ 

I 


In  annlhiM  st  lulv  vlop.rJ  wiMi*  t*xpo;n*il  .*-1  I iiiu’.s  a wnnk  tni  U' 

muuilt's  i'.nh  I wwc  tn  ppm  ot  plios  . I’ln*  anim.ils  wt'in  killril 

*-10,  I'-*'*',  aiul  Ul'itl  I'xpwsuM's,  aiul  Ihnii  Innp.  l•\.imln<*il 

h i s t o I oy,  \ vM  1 I Y . 

b’i'u  i In  (iMi  t'xposnii's  rnsultiNl  in  vlu  vmi  u”  l»  i nni*  lii  n I 1 1 i s , p.ii  I i .i  1 im 

ni>mp  !<*(<'  .>l>  1 I 1 1*  I at  u>n  n I Im  I'nnh  i 1 ns , i I a t a I i nn  n t t I’l  mi  n.i  I i njip  m a t ni  v 

1m  oiuUu' li's  , I I vit  t I'lU'^l  alvni'li  .niil  1 1 .ip.uuMi  t t^l  ni  iontMutiMl  snpta.  I.nnp.s 

1 I v>m  vU>i\s  i'xpivnvl  I'  i iiu«'s  lo  plinsp.nnn  ^It'vn  I npt'<l  lil'insis  in  .ulil  1 1 i nn 
( i'  (In'  ahnvn  nlianp.ns.  Annuals  <'\pi>s<'il  u»i  U>ni’.(M  p<M  uuls  v U'  *1'  i inins^ 

slu'Wis!  v'hany.i'S  uu'sl  s np.i\»*  s 1 i vt'  nl  nmplivsnma.  lh«'  Innp.s  i'l  niMilinl 

anim.ils  wnit'  nnrm.il  i*\nnp(  I ni  somn  pnlmnnatv  nvUnu.i  .nul  nnnjp’-*!  * nn 

piol'.il'lv  Y.insnil  Im*  tin*  .innst  (int  u*  v.n‘Mn(ar  pt*i  uu'alM  ( i ( v aiivt  fJi'm.i 
I n t mat  i on  . 
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< .it  s .nul  ^’.n  iiu'a  iMp.s  wnit*  t'\pi>;U’\l  tn  plu's j>'n«*  .it  .'ll--'*'  mp.  m 

ppnO  .nul  10  I > my,  m ppiiO  t iM  10  minntns  Oav  tni 

.*-•*1  Oav  s VisK  At  tin*  hiy.luM  iOiuniu  i .it  inn  v'O"-*'  mj‘.  m : ' ppnO  , 

tin*  .inim.ils  iinvi*  I npi'il  pnluii'n.iiv  nOnm.i,  1m  nnnlii  t is  .nnl  Im  iMuli  i v'pnnnmnn  i a . 

A sliy.lit  innii'.i.st'  in  Inny.  wniy.ht  wa.'i  snnn.  Siiua*  tin*  Ony.inn  nl  pnlmnn.iiv 
Oam.iy.n  ill. I nnt  iiu  ii'.isn  with  tin*  numlM*i  nt  <*\pnsnit's,  tin*  .inthnis 
nninliulnO  that  lln‘in  was  nn  inimil.it  i vn  n I I t*i' t nl  phnsyi'i'*'  *0  (hnsi* 
nniu'i'iil  r.il  i an.s  . At  thn  Inwni  lii'st*  (.1(1  I my./m  t 1./'*  ppin\ 

pn  Imnnai  V i*ilnm.i  was  piiulvui’il  nnlv  in  tin*  n.it  s ^‘'O'v.^  hnt  nnt  in  tin*  y.niin'i 

piy.s.  riin  .ilvn4>li  wi*in  .ilsn  .i  t I i'Y  t nO  , hnt  thn  ihany.ns  wnit*  i ns  i y,n  i t i v' an  t . 

‘1 . v'vtnli'^u*  anO  Oytn^niu'lu*  K t t »u*  t .s 

Nn  inpotis  Inniul  I'n  th»'  i vtnlny.  w .nul  nvlny.nnnt  i y t*  I t nY  t .‘i  nt 

ph«»sy.n»n’  nn  mill's  is  ainl  nn  nh  i nmnsniiU's  in  t*\pnt  inn*nt.il  .animals  ni  hnm.ins. 
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10.  Mo  I I'l'ii  1 ;ii  Kt  toots 


Nvi  ii'poi  t s woio  tomul  on  the  sut'otii  on  i o o 1 t oo  1 s ot  jilios  j\oni-  on  I'NA, 
KNA,  .nut  I'loloin  svntliosis  in  oxpor  imont  .i  1 .inim.ils  or  Inim.ins. 

11.  Kopiodiu- 1 i VO  ami  Tor.it  o^^on  i o Kl  loots 

No  lopoits  wiMi'  lonnO  on  t lio  s iit'oli  ii)!!  i o I’lli-ols  ol  plii'Sp.oiK'  I'li 
I 0|>  foilno  t 1 I’ll  ,nnl  t o i ,i  t'op.i'iios  i s in  oxporiuiont.il  .iniiii.ils  or  liniiinns. 

1 .1 . Mo  t nl'o  1 i sill 

Soi'  .10 n to  St  ml  i os  . 

1 1 . i nt  o i nojjonos  i s 


No  roport  s woro  tiHiiul  on  tlu'  possililo  oa  i\' I nopoii  i o potontial  ot 
pliospono  in  o xpor  iiin'iit  a I aniiiials  or  liniii.iiis  . 


IV. 


i:UKl^NU;_  rOXUTlY  ti's(s) 


I.  Mimiki  t o I o^i  i' 

In  ' v*.\Si's  i>l  hvunan  t'X]>osm'o  l I .iiiH>inU  s ol  |>\u>s^;i*iu*  Uiuu'uut  s not 
spov‘ i t i I'vt  ^ ^Uu  i n>’,  a 1,'^-^.'’  vo.ii  pi'iioii,  t lu'  ii’vl  h I iHkI  oi'unt  , U'vo  I ot 
Ui'ukm;  I ol>  i n , total  .nut  vi  i t 1 i'Voi\l  i a I whito  hloi'ti  lOnnts  woia*  iK'riiutl  ( -W  ) . 

J.  I'oiu*  Mallow 

No  M'ports  woii*  I vHuul  on  tlu‘  ^luonu'  i*  ( t in- 1 s v>  t pliosp.oin*  on  tlio  l»ono 
maiiow  in  i' xpiM*  iiiu'nt  a I anim.ils  or  iiumanM. 

1.  lumuino  I o^ic 1. 1 tints 

No  ii'ports  woro  tiUinil  on  ihi’  v’luoniv'  o t 1 in*  t s ot  phosp,i'iU'  on  tlu' 
inminno  1 1'p,  i r svstoni  in  i*  xpor  imont  a I animals  or  humans. 

*.  OiMitrat  Noi  vous  Systoin  U’NS ) Kl  torts 

Kivo  wi'ikors  I'xposinl  lopoat  inl  I v to  I I'w  hi>sos  (.iiv>si'  iu>t  spi'o  i t i lul  ^ ol 
['lios^ono  ovoi'  a unnitli  porioh  oxpi'r  i onooil  vl  i /a*,  i lU' ss  , uumU  a I 

rontnsion,  i'lurroit  vision,  s»'voro  ln*ailaolu»s , a sotiso  ol  v'ons  ( r i o t i I'li  in 
tho  rhost  , anil  uuisr  U'  twitihinr.  at  various  t imos  vlutinp.  (lio  oxposuio 
prioi  to  ontorinp,  tho  hos[>ital  ta/). 

> . lioiia  V i ora  1 K t t oo  t s 

ilaKlston  ot  al.  (.•♦/)  slmlioil  t hi'  psvohiatrio  status  ot  > workoi  s 
oxposi'i!  to  pliospa'no  lor  nunitlis,  kour  I't  t l\o  t i vo  pationls  woii' 

stahli'  aiul  ilul  not  show  nnihii*  ilistross  or  sorious  a Moral  ion  in  thou 
porsonal  t nnr  t i on  i nv\ ; liowovor,  ono  pationt  showoil  r ons  i ilo  i ah  I o omotional 


i). 


Car  1.1  lovascu  1 a r S y s t o in 

Humans  O worki'is)  t'xposv'H  to  small  amounts  of  pliosgono  liloso  not 
spocifiod)  ovor  a poriod  ot  lt)-‘)0  months  showod  tachycardia  (1  patient) 
and  Kiwcr  cardiac  output  (.1  patii-nt).  I’ulsc  rate  appeared  to  he  normal 
in  all  5 pat i ent s ( 47 ) . 

7.  Biochemical  and  Hist ochemica 1 Kffects 

No  reports  were  tound  on  the  chronic  ettects  of  phosgeiii'  on  the 
biochemical  and  h is t ochemi ca 1 responses  of  tissues  and  organs  in 
experimental  animals  or  humans. 

S.  Effects  on  Body  Weight,  Organs  and  I'issues 

Body  Weight 

No  reports  were  tound  on  the  adverse  eftects  of  chronic  I'xposure  to 
phosgene  on  body  weights  ot  animals  or  humans. 

I’u  Imonary  E f f e c t s 

Hulmonary  function.  During  a pilot  study,  dogs  (number  not 
specified)  wi're  expost'd  to  0 . 047 -0 . 1 bll  mg/ liter  (24-40  ppm)  ot  phosgene 
for  20  minutes  in  a chamber  of  bOO-liter  capacity.  After  the  ,H)-minute 
exposure  to  phosgene,  the  blower  was  then  operated  for  an  additional  20 
minutes  to  assure  Ci'mplete  evacuation  of  phosgene  Irom  the  chamber  befoi 
the  dogs  were  removed.  I'he  intervals  between  exposures  were  2 and  7 
days,  but  no  concerted  effort  was  made  to  keej'  this  time  interval  or  tin 
dose  per  exposure  constant.  The  lower  airway  resistance  was  measured  at 
least  twice  before  and  after  exposure.  The  normal  lower  airway 
resistance  in  the  dog  was  usually  less  tlian  1.0  cm/ 1 i ter/second.  As  I In 
animals  were  repeatedly  exposed  (over  “i . b months)  the  lower  airway 
resistance  tt'iided  to  rise,  and  the  rise  was  roughly  proportional  to  the 
ciiiimlative  dose.  The  resistance  lu'wevi'r,  lell  1 f appreciably  with  the 
interval  between  gassing  I'xi’osiires  (48). 


(.laKiston  ot  a 1 . C4V  ) rci'orti'i.1  on  ' woikors  wlu>  had  ii'iu'at  od  I'xposiiri's 
to  small  amoimls  ol  phosj;oiio  ( dosos  not  s poo  i I i ihI  ) dnrinp,  f ho  ooniso  ol 
Iti-it)  months.  Thoro  was  impairod  Vi-nt  i 1 at  orv  Innotion  >>  1 tin-  Innc.s  as 
indioalod  hy  a ilooroaso  i i\  vital  oapaoity,  slow  dilution  rati-,  impairod 
int  rapn  Imonary  mixin}-,  ol  gas,  high  rosidnal  air  .and  mi  d-o.ipao  i t v volumos, 
and  slow  pti  Imonary  omptying  r.ato.  Thoso  lindings  woro  oonsistont  with 
pn  Inkitiarv  omphy  soma. 

ratho logy . Ono  workor  roportodly  oxposod  to  sm.i  I 1 amounts  ot 
phosgono  (.amount  not  givon)  ovor  .1  porioil  ot  Ih-'it)  months  was  1 >nind  to 
havo  voluminous  oloar  lungs  and  .in  omphy  somat  on  s ohost.  Ko-ox.iminod  six 
months  .iltor  t ho  initial  ox.imi  nat  i on,  t ho  p.itiont  still  showod  t ho 
symptoms  prosontod  at  tho  lirst  admission.  Anothor  workor  uiulor  similar 
0 i roumst  anoos  showod  ralos  at  tho  h.iso  ol  o.ioh  lung  and  tiioso  .also  woro 
prosont  I'  iikuiths  lator  t-*7). 

Kvo.  I'on  i lino  t i V i t i s , hlurrod  vision,  and  a burning  sonsation  havo 
b,-on  roportoil  in  o.isos  .it  humans  oxposi-d  ovor  long  poriods  t Ui-‘>0  months) 
1 1’  small  .luiinint  s t.ink'iints  lu’t  spooitiod)  ot  phosgono  (47). 

. tvtolo^io  .ind  i y t o^onot  i o_  1. 1 t ooj  s 


N,'  lopiirts  woii-  t.nind  on  tho  ohronio  o t 1 oo  t ol  phosgono  on  mitosis 
.iiid  ,'11  0 h I onu'si'iiios  ,>t  o xpor  imon t .1 1 .aniiii.als  or  hum.ans. 

10  . Mo  loon  1 .11  h t I oo  t s 

No  ii-ports  woro  t iniiui  ,in  tho  ohri'iiio  otlools  ot  phosgono  ,in  tho  0N.\, 
KNA.  .ind  protoin  svnthosis  in  oxporimont.il  animals  ,ir  humans. 

11.  Ko^uodiio  t i vi^  and  Toj;.!  t o^on  i o KIltH't.-i 

N,i  roports  woro  1 omul  on  tho  ohronio  o I t oo  1 s I't  pluisgono  on  t ho 
roproduotivo  and  i-mbrvonio  tissuos  ot  oxpor  imont  .a  1 animals  or  hum.ans. 


V.  iliVSlCAJ,  ANO  i;HK_MU:A1.  I'KOrKKllKS 

I’hosj^oiu'  i.  i'arln>iu’ I chloriili',  oaihiMi  oxv*.h  lor  i vl«‘  i>r  cli  1 oi  ot  oriny  I 
ch  lor  i <1<» ) is  a ».•*>  li>r  loss  ^as  at  i>rvlinaiv  l ouipoi  at  ui  os . In  ot>uiiioioo  it  is 
viiulor  prossviro  an^l/or  ii‘ t r i p.orat  i on  aiul  is  olassilitul  by  t ho 
b.S.  Pt'partuiont  ol  Irans  por  t at  i on  as  a i.lass  A poison.  Its  ovMmnoi\‘ la  I 
^raJi*  aiui  stroni’th  is  iDOi. 

I'lu'  propt'rtios  anh  oharao  lo  r i s t i ».*  s ol  plu's^t'iio  ait*  sumnar  i .ctul  in 
fab  to  1. 

t’hos^oiu'  U't)Cl.,)  can  bo  propai'i'*.!  by  react  inp.  chlorine  aiui  Oi),  CO 

aiul  nitii'iivl  chloriho,  or  Cc)  I , aiul  oU'uni.  lK*siJt*s  btMiip,  soluble  in 

a 

watt*r,  it  is  soluble  in  beni'^eut',  toluene,  glacial  acetic  ac  ul  aiul  nu>st 
luiuitioil  hydrocarbons  (.SO).  One  mg/ I iter  ol  phosgene  approximates  24  7 
ppni,  auil  I ppm  approximates  4, OS  mg/m  at  2^)  C,  7o0  ubii  Hg  v 1 ) . 

The  harmtul  ettects  ol  phosgene  are  primarily  due  to  irritation, 
this  action  is  not  immediately  apparent  when  exposure  is  mild,  and  a 
person  mav  breathe  the  gas  tleeply  into  the  lungs  belore  he  is  aware  v>t 
the  ha.:ard.  this  results  in  irritation  *.>1  tlu'  bronchial  tubes  and  the 
lung.  Wht’n  thi*  exp^>surt'  is  heavv,  the  ettects  become  almost  immediately 
apparent  but  because  phosgene  produces  spasms  in  the  air  passages,  deep 
penetration  in  the  lungs  is  still  possible-  The  gas  also  has  .i  local 
irritant  action  on  tlu*  eyes,  nose,  and  throat  02). 

A concentration  ot  20  ppm  causes  coughing,  respiiMtory  tract 
irritation,  and  severe  lung  injury  in  just  l~2  minutes  ot  exposure,  which 
may  be  l.ilal  within  24  Innirs  or  less.  At  low  concent  rat  ions,  devi'lopment 
ol  pulmonary  edema  may  be  delayed  as  long  as  lo  hours  t‘’2). 


Tahlo  1 


I’ropiTt  ios  anil  Characteristics  ol  Phosgene  (49) 


Appearance 

Boiling  Point 
Corros  iv  ity 


Critical  Pressure 
Cr  it  i ca  1 I'emperat  nre 
I Density  (gas) 

I K lanriab  i I it V 

1 

J Heat  ol  Decompos i t i on 

I Heat  ol  Kvaporation 

■ llyg ros cop  ic  ity 

I Melting  (Iree^ing)  point 

1 Molecular  Weight 

' t)iio  r 

Spec  i lie  Gravity  (liiiuiil) 
Spec  i lie  Heat 

I Vapor  Density  (air  = 1) 

1 Vapor  Pressure 

V iscos  ity 


Colorless  gas  (at  atmospheric  temperature 
anil  pressure)  and  colorless  to  light  yellow 
liquid  (under  pressure/aml  or  re f r igera t i on ) 
S.2'^C  (4t).7  V) 

Not  corrosive  unless  exposed  to  moisture. 

Reacts  readily  with  water  to  lorm  HCl  and 

CO,.  I'he  HCl  is  corrosive  to  metal 

conta i ners 

S23  Ihs/si]  inch 

1S2'\;  (ioo^’p) 

4.39  g/ liter  at  20^C 

Non  I lamina b 1 e 

1544  Btu/lb 

5832  cal /mol  at  7.5'^C 

Reacts  with  moisture 

- 12  7.8"’c 

98.9 

Sweet,  in  low  concentrations; 

Sharp,  pungent,  in  high  concentrat ions 
1.392  at  19"’c 

Cas  at  20^C-  0.  14b2  Blu/lb  per 
Liquid  at  20^'c  - 0.242  Btu/lb  per  '^'f. 

3.4 

1180!  mil  at  20^^C 

Cas  - 0.011  cps  at  20^’c 

Liquid  - 0.47  cps  at  0*^'c 
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Phosgene  Toxicity  - Matrix 


System 


Effect 


Acute  Treatment 
(including  i_n 
vitro  tests) 


Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests;  up  to 
2 years  or  lifetime) 


Hematologic 

Effects 


Erythrocytes  - 
Decreased  counts 
(7,  8);  No 
change  (9). 
Leucocytes  - No 
change  (9). 

Hemoglobin  - 
Decrease  (first 
4 hours  after 
exposure) 
followed  by 
increase  ( 125% ) 
by  end  of 
experiment 
(7,  8,  10). 

No  change  (9). 

In  humans  a rise 
(100%)  was 
observed  6-36 
hours  following 
accidental 
exposure  (11). 

Other  effects. 

No  change  in 
sedimentation 
rate,  viscosity 
and  conductivity 
of  blood  (9) . 


o Erythrocytes . None 
Reported . * 


o Leucocytes . None 
Reported . 

o Hemoglobin.  None 
Reported. 


o Erythrocytes . No 
adverse  effects 
(human)  (47). 

o Leucocytes . No 
adverse  effects 
(human)  (47). 
o Hemoglobin.  No 
adverse  effects 
(humans)  (47). 


2 . Bone  Marrow 
Changes 


o Congestion  (2), 
o Hyperemia 

(humans)  (12). 


o None  Reported . 


o None  Reported. 


3.  Immunologic 
Ef f ec  ts 


o None  Reported. 


o None  Reported. 


o None  Reported. 


* - No  references  found 


k»ne  Reported. 

o None  Reported. 

None 

None 

bne  Reported. 

o None  Reported. 

None 

None 

System 

or 

Effect 

Acute  Treatment 
(including  in 
vitro  tests) 

Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 

Chronic  Treatment 
(long-term  tests;  up  to 
2 years  or  lifetime) 

4.  Central 

Nervous 

o Decre;ased 

o None  Reported. 

0 Dizziness,  mental 

Systems 

(CNS) 

sympathetic 

confusion,  severe 

Effects 

nervous  system 

headaches,  twitching 

activity 

(human)  (47). 

(13,  14). 
o Hyperemia  and 
edema  in  brain 
tissue  (2,  12). 
o Subarachnoid 
hemorrhage , 
cellular 
degeneration  in 
grey  matter 
(human)  (12). 
o "Ring 

hemorrhages"  in 
the  brain  (15- 
17). 


5.  Behavioral  o Nervousness,  o Emotional  stress  (47 

Effects  hypochondriasis 

(human)  ( 11 , 18) . 


6.  Cardiovascular  o Lowered  pulse  o None  Reported.  o None  Reported. 

Effects  rate  up  to  4-5 

hours  post 
gassing  (19,  21). 

o Tachycardia  after  o None  Reported.  o Tachycardia  (human) 

gassing  followed  (47). 

by  bradycardia 
(7,  11,  19,  21). 

o Increased  blood  o None  Reported.  o None  Reported, 

pressure  (10% 
at  5 hr  post- 
gassing) 
returning  to 
normal  (8th 
hour)  and  then 
rapidly 

declining  before 
death  (7,  8). 


/ 
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1 

1 

i 

1 

1 

1 

1 Phosgene  Toxicity 

- Matrix  (Cont'd) 

tonic  Treatment 
t-term  tests; 

90  days) 

Chronic  Treatment 
(long-term  tests;  up  to 

2 years  or  lifetime) 

Predict ive 
Endpoints 

Tests 

Recommended 

lie  Reported. 

o Dizziness,  mental 
confusion,  severe 
headaches,  twitching 
(human)  (47). 

None 

None 

' 

o Emotional  stress  (47). 

None 

None 

Be  Reported. 

o None  Reported. 

None 

None 

le  Reported.  o Tachycardia  (human) 

(47). 

te  Reported.  o None  Reported. 


2 


Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

Acute  Treatment 

Subchronic  Treatment 

Chronic  Treatment 

or 

(including  in 

(short-term  tests; 

(long-term  tests;  up  to 

Effect 

vitro  tests) 

up  to  90  days) 

2 years  or  lifetime) 

6.  Cardiovascular 
Effects 
(Cont ’d) 


o Enlarged  right 
and  left 
ventricles  (7). 
o Increased 
pulmonary 
circulation  (21). 
o Spasms  in 

systemic  vessels 
(21). 

o 22.  vitro  studies 
using  perfused 
heart  preparation 
were  inconclusive 
(22). 

o Cardiac 
dilatation 
(humans)(15,  20). 
o Subendocardial 
and  subperi- 
cardial 
hemorrhage 
(humans)  (15). 


o None  Reported, 
o None  Reported, 
o None  Reported, 
o None  Reported. 


o None  Reported, 
o None  Reported. 


o None  Reported, 
o None  Reported, 
o None  Reported, 
o None  Reported. 


o None  Reported, 
o None  Reported. 


7.  Biochemical  and  o Blood  o Blood . None  o Blood . None  Reports 

Histochemical  Elevated  Reported. 

Effects  chloride,  total 

lipids,  neutral 
fats,  total  fatty 
acids,  total 
cholesterol , 
phospholipid 

(23). 

Depressed 
albumin  and 
globulin 
fractions  of 
blood  plasma  (8). 


/ 


3 


me  Reported. 


o None  Reported. 


tone  Reported, 
one  Reported, 
wxe  Reported. 

me  Reported. 
e Reported, 


)od.  None 
)orted. 


o None  Reported, 
o None  Reported, 
o None  Reported. 


o None  Reported, 
o None  Reported. 


o Blood.  None  Reported. 


1.  Depressed 


1.  A/G  Ratios 


Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  iji 
vitro  tests) 


Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests;  up  to 
2 years  or  lifetime) 


Development  of  o None  Reported. 

Tolerance  to  phosgene 
in  animals  15,  43, 

44). 

No  information  on 
same  in  humans. 


7.  Biochemical  and 
Histochemical 
Ef  fee  ts 
(Cont 'd) 


8.  Body  Weight,  o 

Organs  and 
Tissues 

o 


No  change. 

Urea,  total 
niti.  gen, 
nonprotein 
nitrogen, 
chloride,  and 
protein  levels 
(9). 

Presence  of 

hematin  in  serum  o 

(24). 


Body  Weight.  o 

None  Reported. 

Pulmonary  Effects  o 
Function. 

Increased 
resistance  to  gas 
diffusion  across 
lung  membrane 
(25),  respiratory 
rate  (7),  blood 
volume  in  lung 
(9). 

Decreased  CO 
uptake  (25); 
oxygen  level  in 
arterial  blood 
(26,  27);  tidal 
air  (9);  vital 
capacity 
(humans)  (28). 


Body  Weight. 
Decreased  (44). 

Pulmonary  Effects 
Function.  Increased 
bronchial  resistance 
to  gas  diffusion 
across  lung  membrane 
(45),  respiratory 
rate  (46). 


o Body  Weight.  None 
Reported . 

o Pulmonary  Effects 
Function.  Increased 
bronchial  resistance 
to  gas  diffusion 
across  lung  membrane 
(48). 


Decreased  vital 
capacity  (human) 
(47). 


/ 


Phosgene  Toxicity 


Matrix  (Cont'd) 


tonic  Treatment 
-term  tests; 

90  days) 


Chronic  Treatment  Predictive 

(long-term  tests;  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


relopment  of 
lerance  to  phosgene 
animals  (5,  43, 

). 

information  on 
■e  in  humans. 


dy  Weight, 
ecreased  (44). 

Imonary  Effects 
net  ion.  Increased 
onchial  resistance 
gas  diffusion 
TOSS  lung  membrane 
5),  espiratory 
ite  (46). 


o None  Reported. 


o Body  Weight.  None 
Reported . 

o Pulmonary  Effects 
Function.  Increased 
bronchial  resistance 
to  gas  diffusion 
across  lung  membrane 
(48). 


Resistance  1. 

to  gas 

diffusion  2. 


Gas  diffusion 
test 

Pulmonary  edema 
test  (labelled 
albumin) 


Decreased  vital 
capacity  (human) 
(47). 


Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment  Subchronic  Treatment 

(including  ijn  (short-term  tests; 

vitro  tests)  up  to  90  days) 


8.  Body  Weight, 
Organs  and 
Tissues 
(Cont ’d) 


Pathology . 
Bronchiolar 
lesions  (2,  4, 
7,  26,  29,  30); 
alveolar  edema 
(4,  9,  30); 
emphysema  and 
hemorrhage  (2, 
23,  30);  focal 
fibrosis  (2). 


Pathology  same  as 
acute  (29,  45). 


Chronic  Treatment  j 

(long-term  tests;  up  to 
2 years  or  lifetime)  i 

j 

! 

Pathology  voluminous  I 

clear  lungs, 

emphysematous  chest  ' 

(human)  (47). 


J 


In  humans , 
pleural 
e f fusions , 
interstitial 
emphysema,  de- 
squamation of 
bronchi, 

fibrotic  adhesion 
in  lung  (11,  12, 
15,  20,  31,  32). 


Vascular  Vascular  permeability 

permeability  and  and  edema  (44). 

edema  (8,  23, 

33). 


o Nose  (odor  o 

perception) 

(human)  (34,  35). 
o Liver  congested  o 

(2). 

o Kidney  congested  o 

(2). 

o Spleen  congested  o 

(2). 

o Intestines  o 

congested  (2). 
o Adrenal , 

occasional 
medullary 
hemorrhage  (2). 


Nose  (odor 

o 

perception) 

None  Reported. 

Liver.  None 

o 

Reported . 

Kidney.  None 

o 

Reported . 

Spleen.  None 

o 

Reported . 

Intestine.  None 

o 

Reported . 

o 


Nose  (odor 
perception).  None 
Reported . 

Liver.  None  Reported 

Kidney.  None 
Reported . 

Spleen.  None 
Reported. 

Intestine.  None 
Reported . 

Adrenal.  None 
Reported . 


/ 
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Vascular  permeability 
|nd  edema  (44). 


jtese  (odor 
^rception) 

|k>ne  Reported. 
Liv£r.  None 
Seported. 
tidney . None 
Cported . 

Ipleen.  None 
Eported . 
Intestine.  None 
kported . 


o Nose  (odor 

perception).  None 
Reported. 

o Liver.  None  Reported. 

o Kidney.  None 
Reported . 
o Spleen.  None 
Reported . 

o Intestine.  None 
Reported . 
o Adrenal . None 
Reported . 


Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 


Chronic  Treatment  Pre 
(long-term  tests;  up  to  End 
2 years  or  lifetime) 


8.  Body  Weight, 
Organs  and 
Tissues 
(Cont 'd) 


9.  Cytologic  and 
Cytogenetic 
Ef fee  ts 


10.  Molecular 
Effects 


11.  Reproductive 
and 

Teratogen ic 
Effects 


o In  humans , no 
adverse  effects 
were  observed  on 
liver,  kidney , 
spleen, 

intestines  and 
stomach  in  one 
study  (19),  but 
in  another  study, 
hyperemia  was 
observed  in 
kidney , spleen, 
thyroid  and 
thymus . In  a 
third  study, 
heart  and  liver 
abnormalities 
were  reported 
(36). 


o None  Reported. 


o None  Reported. 


o Humans . No 

adverse  effects 
on  fetus  (37). 


o None  Reported. 


o None  Reported. 


o None  Reported. 


o In  humans . None 
Reported  on  liver, 
kidney,  spleen, 
stomach , intestine , 
thyroid  thymus . 


o Eye  conjunctivitis, 
blurred  vision, 
burning  sensation 
(human)  (47 ) . 


o None  Reported. 


o None  Reported. 


o None  Reported. 


I 


I 
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Phosgene  Toxicity  - Matrix  (Cont'd) 


hronic  Treatment 
rt-term  tests; 
o 90  days) 


Chronic  Treatment  Predictive  Tests 

(long-term  tests;  up  to  Endpoints  Recommended 

2 years  or  lifetime) 


In  humans.  None 
Reported  on  liver, 
kidney , spleen, 
stomach,  intestine , 
thyroid  thymus. 


o Eye  conjunctivitis, 
blurred  vision, 
burning  sensation 
(human)  (47). 


[one  Reported. 


o None  Reported. 


lone  Reported. 


o None  Reported. 


lone  Reported. 


o None  Reported. 
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Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


12.  Metabolism 


Acute  Treatment 
(including  ^ 
vitro  tests) 


Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 


o The  inhalation  o See  acute  studies, 
toxicity  of 
phosgene  is 
probably  enhanced 
by  low  solubility 
which  allows  it 
to  penetrate 
further  into  the 
lungs.  It  is 
poorly  absorbed 
in  the  nasal  pas- 
sages in  animals 
(8).  The  data 
on  the  solubility 
and  rate  of 
hydrolysis 
indicate  that 
phosgene  in 
molecular  form 
can  penetrate  all 
three  layers  of 
the  blood-air 
barrier  and  that 
its  effects  are 
caused  by 
molecular 
phosgene  and  not 
by  HCl  (38,  39). 

The  upper 
respiratory  tract 
is  protected 
against  phosgene 
by  hydrolysis  in 
the  mucous 
membrane  (39). 


Chronic  Treatment 
(long-term  tests;  up  to 
2 years  or  lifetime) 

1 

o See  acute  studies.  1 


hosgene  Toxicity  - Matrix  (Cont'd) 


ic  Treatment 
erm  tests; 
days) 


icute  studies. 


I 


Chronic  Treatment  Predictive 

(long-term  tests;  up  to  Endpoints 
2 years  or  lifetime) 


Tests 

Recommended 


o See  acute  studies.  None 


None 
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Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Treatment 
(including  jji 
vitro  tests) 


Subchronic  Treatment 
(short-term  tests; 
up  to  90  days) 


Chronic  Treatment 
(long-term  tests;  up 
2 years  or  lifetime) 


12.  Metabolism 
(Cont 'd) 


Exper iments 
ind icate 

phosgene  affects 
tissues  because 
the  carbonyl 
group  combines 
with  the  free 
amines  of  cell 
enzymes  or  other 
critical 
substances  (40). 
Phosgene ' s 
primary  effect 
appears  to  be  an 
alteration  in 
lung  capillary 
permeability , 
resulting  in 
loss  of  fluid 
with  high 
protein  content 
(plasma- like 
fluid)  from  the 
circulation  and 
into  the 

pulmonary  tissues 
(8,  41). 

The  rate  of 
resorption  of  the 
plasma-like  fluid 
from  surrounding 
tissue  is  slow 
and  is  unable  to 
keep  pacewith  the 
plasma  outflow. 
Thus  edema 
progresses,  O2 
transfer  is 
disturbed,  and 
anoxia  is  caused 
(42). 


Phosgene  Toxicity  - Matrix  (Cont'd) 


System 

or 

Effect 


Acute  Tre.itm<‘tU 
( i nc  1 lid  i ng  2.r> 
vitro  tests) 


Subclironic  Treatment 
(short-term  tests; 
up  to  90  days) 


12.  Metabolism 
{ Cont ' d) 


Phosgene  produces 
profound  shifts 
in  body  water 
by  acting  on 
local  exposed 
capillaries . 

Its  action  is 
confined  to  the 
lung  since  it 
is  rapidly 
hydrolyzed  in 
the  pulmonary 
tissues  so  that 
none  passes  into 
the  general 
circulation.  The 
underlying 
mechanism  of  its 
action  on  lung 
capillaries  is 
not  known.  It 
may  be  enzymic, 
since  the  mito- 
chondria of  the 
endothe 1 i urn 
disintegrate  and 
disappear  before 
the  capillaries 
begin  to  Irak 
(33,  42). 


Chronic  Treatment 
(long-term  tests;  up  to 
2 years  or  lifetime) 


13.  Carcinogenesis  o None  Reported.  o None  Reported. 

o None*  Roportod.  j 

J 

1 

/ 
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Phosgene  Toxicity  - Matrix  (Cont'd) 


